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SUMMARY 


This report describes a terminal area simulation which permits 
analysis and synthesis of current and advanced air traffic management system 
configurations Including ground and airborne Instrumentation and new and 
modified aircraft characteristics. Ground elements In the simulation Include 
navigation aids, surveillance radars, communication links, air-route 
structuring, ATC procedures, airport geometries and runway handling constraints. 
Airborne elements Include traffic samples with Individual aircraft performance 
and operating characteristics and aircraft navigation equipment. The 
simulation also contains algorithms for conflict detection, conflict 
resolution, sequencing and pilot-controller data links. 

The simulation model will be used to determine the sensitivities of 
terminal area traffic flow, safety and congestion to aircraft performance 
characteristics, avionics systems, and other ATC elements. These results 
will assist In establishing future requirements for (1) basic sensor/ 
Instrumentation accuracies for airborne and ground systems; (2) permissible 
system delays In airborne and ground information handling systems; (3) re- 
quired data rates for air-ground information exchange; (4) requirements for 
signal and data processing for both airborne and ground computers; and 
(5) aircraft performance and operating characteristics. 

The Initial model has been programmed for the CDC 6600 computer and 
run in both real-time and fast-time on the computer complex at Langley 
Research Center. The Initial test runs indicate that the model and associ- 
ated program are within the capabilities of the computer facilities available. 
The test runs also indicate good correlation, with actual radar traffic data 
obtained by the FAA at the Atlanta airport. 
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II. INTRODUCTION 

The development of air traffic control systems is a continuous 
evolutionary process, with new developments being constantly spurred by 
rapidly changing aviation technology and the demands of the public at 
large. However, changes in any part of the air traffic control system 
are bound to have complex effects in several aspects of system operation. 
Computer simulation has proved to be an effective means of evaluating 
the Impact of proposed improvements on overall system performance. 

This report describes the development of, and initial experiments 
with a computer simulation model of a terminal area. The primary 
objective under this contract has been to develop a preliminary 
mathematical model of the Atlanta terminal area, to program the model 
for the Langley Research Center digital computer complex, and to demon- 
strate the operation of the preliminary model on the LRC computers. The 
computer model is intended to be flexible and extendable to other terminal 
areas and to terminal area configurations using advanced concepts. 

The basic concepts for the simulation model were defined and des- 
cribed in detail under Contract NASl-7537. The final report developed 
under this contract, "Definition of a Terminal Area Air Traffic Model for 
Studies of Advanced Instrumentation and Control Techniques" [Ref. 1], 
contains discussions of the model parameters considered and sources of 
data that provide inputs to the model. 

The initial work described in Ref. 1 indicated that the model and 
associated program were within the capabilities of the computer facilities 
available; however, for efficient use of these facilities it was highly 
desirable to reduce the computer storage requirements. This reduction 
in storage was advisable in order to Incorporate more detail and flexi- 
bility in certain areas of the program. For this reason, a large part 
of the effort in this study was devoted to providing more efficient use 
of the computer memory by densely packing the input data into the 60-bit 
words of the CDC-6600 computer. 

A significant number of modifications have been made to the Initial 
model defined in Ref. 1. These new features are intended to Increase 
the realism and flexibility of the basic model, its adaptability to 
different and advanced terminal areas, and its versatility in the 
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investigation of different types of problems. The major new features 
introduced into the model Include: 

Conflict Detection and Resolution 

A fully dynamic technique of conflict detection and resolution 
has been incorporated whereby certain aircraft are rechecked for 
clearances depending on the action of an aircraft ahead. 

Route Structure 

More flexible route structure design is permitted providing 
choices of controller conflict resolution options as designated by input 
data. 

Sequencing 

Previously, all aircraft entered the sequencing area via a 
single feeder route in each sector (North and South) . Final sequencing 
logic has now been modified to allow for multiple merging feeder paths 
into each sector sequencing area. Final sequencing is accomplished for 
each aircraft on its respective feeder path at designated points such 
that as the aircraft merges into the dump area no loss of separation is 
encountered. Additionally, the new logic permits more realistic inter- 
ception of the localizer course. 

Control Positions 

Provision has been made to provide any number of simulated 
control positions. 

Altitude Conflict Checks 

Additional logic has been provided to check for conflicts 
between departing aircraft and arriving aircraft at places where their 
future paths may cross. 

Cockpit and Runway Display 

Coding has been provided such that a general-purpose cockpit 
simulator can be used in conjunction with the air traffic model. A 
graphic runway display (on an oscilloscope) indicates in real time the 
runway in perspective as it would appear to a pilot in a cockpit simulator. 

Pop-Ups 

A capability has been Incorporated to simulate pop-up traffic, 
e.g., a sudden appearance of unknown traffic anywhere on the simulated 
radar screen. Pop-ups are simulated by entering the simulated pop-up 
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aircraft's position and velocity data on the computer console at the 
time of desired entry. 

Navigation and Surveillance Errors 

More realistic representation of these errors has been 
Incorporated. 

Speed Control 

Algorithms have been developed to provide a speed control 
feature for resolving conflicts. Input data define the type and range 
of speed control to be used. 

Missed Approaches 

Algorithms have been developed to reintroduce missed approaches 
and wave-offs Into the traffic pattern for another attempt at landing. 
These algorithms, however, have not yet been Incorporated In the computer 
program. 

The following sections of the report discuss the above model features 
In more detail and provide documentation of the application of the model 
to the Atlanta terminal area. 


5 


: Preceding page blank 

III. GENERAL DESCRIPTION OF THE SIMULATION MODEL 


A. Overall Organization 

The overall simulation model consists of three distinct parts: 

(1) a traffic generation computer program, (2) the terminal area simulation 
model program,- and (3) the data analysis program. In addition, provision 
is currently being made for the incorporation of a general-purpose aircraft 
cockpit simulator and associated computer program. The overall model 
organization is indicated in Fig. 1. 

For operation in the real-time mode, the traffic sample is generated 
in a batch mode prior to the real-time runs, and data analysis is 
accomplished by storing simulation program outputs on tape for later 
non-real-time analysis. 

B. Traffic Generation 

A Monte Carlo program is used for generating data for the traffic 
sample. Arrivals are introduced into the problem at a 40 n ml radius 
from the airport and departures are introduced at the runway apron. From 
a probability distribution of time-between-operatlons, an offer time is 
selected for the next aircraft to be provided in the traffic sample. For 
the aircraft to be entered, a type is selected from a histogram of aircraft 
types. Next, the program decides whether the aircraft is an arrival or 
departure and what route the aircraft will be introduced on. After this 
information has been calculated, an altitude, speed, and bearing from 
the terminal area are calculated using normally distributed deviations 
about the nominal route assignments. After calculation of the x and y 
coordinates, a heading is calculated such that the aircraft will be headed 
toward the assigned (from the known route) inner fix. 

Using this technique, a traffic sample is generated which has 
statistics corresponding to those statistics that provide the inputs to 
the program. The traffic sample may be as lengthy as required. For 
real-time simulations, a one-hour traffic sample is usually generated. 

Major Inputs to the traffic sample generation program include the 
desired number of operations per hour, the number of aircraft types, the 
desired sample length (min), probabilities of aircraft type and route usage. 
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Fig. 1. Overall organization of the terminal area simulation model. 




route entry coordinates, and standard deviations of Initial errors In 
altitude, speed, and position. 

Output of the traffic generation program Is a list of aircraft with 
the Initial conditions (l.e., offer time and position) for each aircraft, 
as well as type and class Identification. 

C. Terminal Area Simulation 

A functional flow chart Indicating the overall organization of the 
simulation model Is shown In Fig. 2. Inputs to the simulation Include 
arrays defining aircraft performance, the route structure, the traffic 
sample. Intended flight plans, separation standards, navigation errors, 
communication message times, and control procedures and options. 

From the offer times In the traffic sample, an active list of N air- 
craft Is generated for further processing. Each aircraft entering the 
problem has associated with It a nominal route or Intended flight path 
(IFF) which represents the path the pilot would fly If no conflicts 
existed with other traffic. Various legs along the flight paths are 
defined by flight modes and objectives . The modes are generally defined 
by the navigation technique In use. For example, algorithms have been 
developed for flying a VOR radial, a DME radius, a vector, an ADF beacon, 
an ILS system, a holding pattern, and a standard turn. Objectives are 
also. In most cases, defined by the navalds. Examples of objectives are 
a VOR radial Intersection , a particular fix or geographic point, a DME 
radius , a new altitude, etc. 

For each of the N aircraft on the active list, the current flight 
mode and next objective are determined from the Intended flight path file. 
Each aircraft Is then Incremented one step along Its path using a set of 
aircraft dynamic equations which contain the dynamic constraints on the 
path. As each of the active aircraft progresses along Its flight path, a 
test Is made to see If the aircraft's current objective has been reached. 

If so, the next flight mode Is selected and the process continues. 

At certain regions along the nominal flight paths, a test Is made 
for potential conflicts at other regions along the Intended paths. If a 
conflict Is detected. It Is resolved by appropriate action such as a speed, 
altitude or path change, or by a holding maneuver. The conflict resolu- 
tion or other control action Is associated with a control message generated 
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on the applicable communications channel to Initiate a change In the flight 
mode (e.g., a new vector or a speed change) at the appropriate time, or to 
give clearance on a desired path. The messages have associated with them 
an earliest and latest possible transmission time and are Issued within 
this time frame as communications channel loading permits. For the Initial 
model, ten controller positions and associated communications channels are 
modeled. Provision Is also made to handle "pop-ups," or aircraft that are 
Inserted (by the computer console operator) at randomly selected positions 
and times. These pop-ups are Integrated Into the normal flow patterns In 
a conflict-free manner. 

After all aircraft needing control action have been dealt with, the 
Information on the present position of all aircraft Is displayed on a 
computer console display and x-y plotters as required. The time histories 
of the takeoff queues, arrival queues, and communications channel queues 
are recorded on strip chart recorders. The basic data generated and stored 
on tape for further analysis Include the position and velocity of each 
aircraft at selected time increments throughout the period of Interest, 
the messages sent over each communication channel, and the estimated and 
actual times of arrival of the aircraft over certain specified points along 
the routes assigned to the aircraft. 

D. Data Analysis . 

Techniques have been developed that permit the generation of statistics 
such as "the average percentage of flying time in the terminal area that a 
randomly selected aircraft is within a range R of another aircraft." A 
statistic such as this when plotted versus various values of range provides 
a good measure of the efficiency of the separation procedures used. Under 
reasonable assumptions, the percent of flying time statistic also provides 
an unbiased estimate of the probability that a randomly selected aircraft 
will be within a range R of another aircraft at any particular instant of 
time under conditions existing during the data period. 

While the parameter "range to closest aircraft" is discussed in the 
above paragraph as an example, other parameters can be Investigated In 
a similar way. For example, a parameter Indicating the safety level of 
the system during a period of operation would be "time to closest approach," 
or relative range divided by closing velocity. In this case, a distribution 


11 



plot is formed of the average percentage of flying time in the terminal 
area that a randomly selected aircraft is within a time to closest 
approach of t seconds of another aircraft. 

In addition to the development of statistics as discussed in the 
examples above, the conventional output measures can also be developed. 
These measures Include statistics such as the distribution of control- 
related delays, deviations from original ETA's, average mileage flown, 
aircraft movement rates, etc. 

E. Detailed Procedures 

Additional discussions of model philosophy and operation are given 
in Refs. 1 and 2. Specific computer algorithms are given in general 
flow chart form in Appendix A and in detailed (computer coding) flow 
chart form in Appendix H. Appendices B and C contain the input data 
specifying the parameters of the Atlanta simulation. The major subroutines 
and model variables are defined in Appendices D and E, respectively. 
Appendix F provides a description of the packed computer words and 
Appendix G specifies the computer storage requirements for the model as 
it exists to date. 

The detailed procedures for the use of the model are best illustrated 
by an example of the application of the model to the simulation of the 
Atlanta terminal area. The application to the current Atlanta terminal 
procedures is presented in the following section of this report. 
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IV. APPLICATION OF THE MODEL TO THE ATLANTA TERMINAL AREA 


A. General Procedure 

For the application of the simulation model to a specific terminal 
area, the general procedure consists of several steps which may be 
generally outlined as follows. 

1. Data sheets defining the performance characteristics of each 
aircraft type to be simulated are filled out. 

2. On a large sheet of graph paper (scale approximately 5 n ml/ln), 
the position of the terminal area navigation aids and the airport runways 
are plotted. These aids include the VOR/DME locations, ILS locations, 
non-directlonal beacon coordinates, and important navigational fixes. 

The data sheet associated with the navigation aids is filled out. 

3. Using the navigation aids and simulated controller vectors, the 
nominal arrival and departure routes are defined. The altitude and speed 
profiles along the routes are defined. Associated data sheets are filled 
out. 

4. Again using the navigational aids and simulated controller vectors, 
alternate routes (if desired) are developed that will be used to resolve 
conflicts where applicable. The nominal and alternate routes are generally 
plotted in straight-line (or curved) segments on the large sheet of graph 
paper, with arrival and departure routes plotted separately. 

5. Points along the nominal and alternate routes at which conflict 
checks will be made are specified. These points are designated as Conflict 
Checkpoints. In addition, regions of airspace where routes (e.g., arrivals 
and departures) may intersect are noted on the plots. 

6. Points along the nominal and alternate routes at which a specified 
control action will take place are defined. These points are designated 

as Control Action Points. 

7. For each Control Action Point and associated Conflict Checkpoint, 
the options that will be used to resolve a conflict are selected from the 
list of available options. The associated input data sheets are filled out. 

8. Miscellaneous terminal area procedures such as separation 
standards, controller responsibility areas, aircraft dynamic parameters, 
glide slope angles, and other miscellaneous data are specified and listed 
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Fig. 3. Sketch of arrival routes defined for initial simulations. In 
the final approach sequencing areas the longest and shortest 
paths are shown as dashed lines. Asterisks indicate where ETA 
/ checkpoints are specified. 
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on the appropriate input data sheets. 

9. The traffic sample generation program inputs are defined by 
developing probabilities associated with the route usage, the aircraft 
type utilization, and the number of operations desired per hour. 

The above general outline indicates in simplified form the 
procedures followed. The specific procedures are best illustrated by 
use of the example of an application to the Atlanta terminal area as 
presented in the following sections. 

B. Aircraft Performance Data 

The data sheets specifying the aircraft performance parameters 
required for the simulation are given in Appendix B, page 124. These 
parameters Include, for each aircraft type, data on climb/descent rates, 
acceleration and deceleration characteristics, speed characteristics, 
and runway occupancy information. 

C. Atlanta Navigational Aids 

The navigational aids available in the Atlanta area are listed on 
the data sheet given in Appendix B, page 126. For each type of navigational 
aid, the x-y coordinates, the rms Instrument error, and a "make-good radius" 
which defines a circle within which an aircraft will be considered to have 
reached the navigational site, are listed. The coordinates are referenced 
to the location of the Atlanta surveillance radar, which is located 
between the two parallel east-west runways at Atlanta. 

D. Atlanta Route Structure 

The term "route structure" as used here refers not only to the layout 
of the flight paths in terms of their segments, orientations, altitudes, 
etc., but also to the system of conflict check points and controller 
action points by which the air traffic control function is simulated. The 
basic schema of the route structure is similar to that described in Ref. 1, 
in that the same "four-poster" pattern is used for arrivals, and that 
departures are routes in the same general directions. However, there are 
important differences in the detailed layouts of the paths, particularly 
vector paths, and in the actual mechanics of simulating the control function. 

The physical layout of the flight paths used in the current Atlanta 
terminal area simulation is shown in Fig. 3. It is designed to approximate 
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Fig. 4. Chart showing general arrival and departure routes for runways 9L and 
9R at Atlanta. These data are given in the Atlanta Tower Orders for 
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patterns and procedures represented in Fig. 4, which is part of the Letter 
of Agreement between Atlanta Towers and Atlanta Center that went into effect 
November 11, 1971. Referring, first, to Fig. 4, arrivals enter the 
terminal area at the four initial approach fixes (lAFs) DALLAS, NORCROSS, 
HAMPTON, and TYRONE. There is one initial approach course (shown by a 
short, heavy arrow) for each lAF, which corresponds roughly to the published 
standard terminal arrival routes (STARs) for Atlanta. Jet aircraft are 
assigned altitudes 10,000 or 11,000 ft, and propeller aircraft are assigned 
6,000 ft in the terminal area. At all four lAFs, the STARs require 
aircraft to be at their assigned altitudes about 10 n mi before they reach 
the lAF, and (for jets) to begin speed reduction to 250 kts when they 
reach assigned altitude. 

At some point before they reach the lAFs, aircraft are handed over 
by the Center to Atlanta Approach Control. Beyond the lAFs, two basic 
patterns are followed. Aircraft over NORCROSS and HAMPTON are given one 
vector to leave the lAFs (220‘* and 320°, respectively), and speed is not 
changed unless necessary; when necessary, a typical speed is 200 kts. 

Aircraft over DALLAS and TYRONE may get two or three vectors in addition to 
the above speed control in an effort to merge them with aircraft over 
NORCROSS and HAMPTON respectively. The vectoring area is shown cross-hatched 
in Fig. 4. 

Figure 4 also shows an area known as the dump area. Its northern and 
southern boundaries are defined by the Fulton County VOR 90 —270 radials 
and the Atlanta VOR 90°-270° radials, respectively. The dump area contains 
the downwind legs, where all aircraft are descended and merged in prepara- 
tion for their sequencing for final approach. Typically, aircraft coming 
from DALLAS and TYRONE are turned heading 180° and 360° respectively, and 
slowed to 170 kts as they enter the dump area; similarly, aircraft coming 
from NORCROSS and HAMPTON are turned heading 270° and slowed to 170 kts as 
they enter the dump area at its eastern edge. Soon after entering the dump 
area, the aircraft are under the jurisdiction of the final controller, who 
turns aircraft onto the base leg and then onto the final approach course in 
proper sequence. Once established on the final approach course they are 
asked to monitor the tower frequency on which the local controller clears 
them to land. 

Departure procedures are somewhat simpler because much greater freedom 

for vectoring is available. Figure 4 shows what are essentially nominal 

departure paths in four major compass directions, but a large airspace is 
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available for departures, allowing great freedom In headings, altitudes 
and speeds. The main points to note are that: (1) westbound departures 

must turn right only, and (2) all but eastbound departures cross arrival 
routes. Ordinarily, Jets are capable of climbing above the arrival 
routes and are so cleared, but prop aircraft might need to climb through 
some arrival altitudes. This Is permitted If proper coordination can be 
effected In advance; If not, the climb Is restricted to one of the Inter- 
leaved departure altitudes until the aircraft Is past the arrival transi- 
tion area. 

The route structure used In the simulation model corresponds to the 
above patterns and procedures. Aircraft approach the same four lAFs 
on two Initial approach courses each, as shown In Fig. 3, with one of 
the courses at each fix corresponding to the published STAR procedures. 
Vectoring of arrivals coming over DALLAS and TYRONE is simulated by 
three paths of four segments each in each of the vectoring areas; these 
are the paths 7, 9, and 10 out of DALLAS and paths 17, 19, and 20 out 
of TYRONE. Altitude and speed control procedures are as described 
except that the simulator permits jets at only one altitude (10,000 ft) 
from the lAFs to the dump areas. Departure procedures are also as 
described above, except that departure vectoring is restricted to the 
nominal headings shown in Fig. 4. , 

Flight Schedule (ISKED) Input Data 

Data Input to provide the route structure definition is listed in 
Appendix B, pages 127 to 131. This particular data array is called the 
Flight Schedule (ISKED) array or intended flight path (IFF) array, and 
defines the flight modes and flight objectives for each segment of flight 
in terms of the navigation aids and controller vectors. Each segment 
may be a straight and level path, an accelerating straight climbing 
path, a curved climbing path, etc. 

The design of the IFF array is intended to accommodate the require- 
ments of the aircraft dynamics or TRACK algorithms (see Fig. 2). In the 
TRACK algorithms, flight paths are computed in different ways, depending 
on which "mode" the flight is in. Therefore, the first field in the IFF 
record consists of the flight mode. Flight modes are designed to require 
at most two parameters to describe flight; these are supplied as INFOl and 
INF02. The codes for the flight mode and the information to be inserted 
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in the two fields for various flight modes are indicated in Table 1. 

ierminatioh of a particular leg is indicated by information on the 
objective of the flight leg. Objectives also require at most two parameters, 
INF03 and INF04, to describe the termination of the leg; the codes for the 
leg objectives and the information to be inserted in the two fields are 
indicated in Table 2. 

In addition to the Flight Modes and Flight Leg Objectives, informa- 
tion is also provided in the Flight Schedule array to specify the 
desired altitude and speed of the aircraft. The information is in the 
form of special codes and pointers as shown in Table 3. 

The above concepts are illustrated by correlating the instructions 
given in the Atlanta flight schedule array (Appendix B, page 127) with a 
sketch of a portion of the routes given in Fig. 3. This correlation is 
shown in Fig. 5, where a segment of the route is re-sketched along with 
the corresponding items in the Atlanta flight schedule array. 

Referring to Fig. 5, the first line in the flight schedule array 
specifies that the first leg will be flown using a VOR mode (Code 1) and 
that the VOR used will be OCR (Code 3 in the INFOl field identifies the 
OCR VOR as specified on the Navigational Aid data sheet) with a 12“ 

(INF02) radial from this VOR. The next data item is an altitude pointer 
which indicates to the program where to find the altitude data for this 
leg. The value 31 (see Table 3) is a special code indicating that the 
desired altitude for this leg will be found in the altitude option 
array (Appendix B, page 144). Physically, this represents the fact that 
the controller rather than the pilot will choose the altitude. 

Following the altitude pointer is a speed pointer which indicates 
the type of speed desired on this leg. The pointer points to the corres- 
ponding column of the speed performance array (IPERFS) which is given in 
Appendix B, page 124. The special code 0 Indicates that on this leg the 
aircraft should continue at its initial descent speed (e.g., no speed 
change is indicated on this leg unless dictated by controller action) . 

The next three fields of data indicate the objective of this flight 
leg. The mode 3 code (see Table 2) indicates that the objective for the 
first leg is a specific distance from the initial leg point of 9 n ml 
(INF03) . 

The remaining lines in the schedule array define the other legs 
shown in Fig. 5. Physically, the meaning of each line shown in Fig. 5 
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Table 1. Presently simulated flight modes (In ISKED array). 


Flight 

Mode 

Code 

INFOl 

INF02 

VOR radial 

1 

VOR 

Identification 

Desired ra- + toward 
dial (deg) - away 

To non-dlrectlonal 
beacon 

2 

NDB 

Identification 

- 

VECTOR 

3 

Heading (deg) 

- 

Turn to new 
heading 

4 

Final heading 
(deg) 

Direction 

2 right 

DME radius 

5 

DME 

Identification 

+ Desired distance 
(n.ml. ) 

Runway ILS 

6 

ILS 

Identification 

Orientation (deg) 

Walt 

7 

- 

- 

Standard hold 

8 

- 

- 

Standard turn 

9 

. . 1 left 

Direction _ ^ , 

2 right 

- 


Table 2. Presently simulated flight leg objectives (In ISKED array). 


Leg Objec- 
tive Mode 

Code 

INF03 

INF04 

VOR radial Inter- 

1 

VOR 

Degrees 

cept 

1 

Identification 

Time 

2 

1 

Time of day 



2 

— elapsed (sec) 

Distance from 




Initial leg point 

3 

Distance (n.ml.) 

— 

Altitude 

4 

Desired altitude 




(ft) 


Fix 

5 

FIX 




Identification 


Speed 

6 

Desired speed 



(kts) 


DME radius Inter- 

*7 

DME 

^ . + toward 

cept 

7 

Identification 

Distance 

- away 

Continue until clear- 

8 



ance received 



Proceed Immediately to 

9 



new control point 



Runway touchdown 

on 

10 

Runway Fix 
Identification 

Distance (n.ml.' 
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■ 

Altitude and 

TABLE 3 

Speed Pointers (In ISKED array) 

Altitude Code 

Definition 

1-9 

Points to desired altitude values for this 
leg listed In the "Scheduled Altitude" data 
Input array (ALTSKD) 

31 

Indicates that desired altitude value will 
be found In associated "Altitude Option" 
data Input array (ALTOPT) 

0 

Maintain altitude Indicated by previous segment 

Speed Code 

Definition 

0 

Continue at Initial speed 

1-8 

Points to desired speed value for this leg 
In associated aircraft speed performance 
data Input array (IPERFS) 
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Flight Schedule Array (ISKED) 


No. 

Mode 

INFOl 

INF02 

Pointers 
Alt. Spd. 

Objec- 

tive 

Mode 

INF03 

INF04 

Length of 
Segment 
(ISDST) 

1 

1 

3 

12 

31 

0 

3 

9 

- 

9.0 

2 

1 

3 

12 

31 

0 

5 

3 


8.2 

3 

3 

220 

- 

31 

0 

1 

8 

103 

16.4 

4 

3 

270 

- 

7 

7 

2 

2 

600 

27.7 





Fig. 5. Correlation of flight schedule data and route definition on map 
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can be interpreted as follows: 

Line 1 Fly toward OCR VOR on 12° radial until 9 n mi from present 
fix. Descend to controller-specified altitude. Maintain 
speed unless otherwise instructed. 

Line 2 Fly toward OCR VOR on 12° radial until OCR is reached . 

Continue descent to controller-specified altitude. Maintain 
speed unless otherwise instructed. 

Line 3 Fly 220° vector to intercept FTY 103° radial at controller- 

specified altitude. Maintain speed unless otherwise instructed. 

Line 4 Fly 270° vector for 10 min (600 sec) at 6000 ft (6000 ft is 

specified as item (/7 in the Altitude Schedule array, Appendix B, 
page 144) . Slow to approach speed (speed code 7 identifies 
the approach speed in the Aircraft Performance Tables, 

Appendix; B, page 124. Aircraft will receive sequencing or 
base leg vector instructions while on this leg) . 

Proceeding as described above, the entire set of nominal and alternate 
routes is defined in the Flight Schedule data input array, with each leg 
of flight corresponding to a line in the array. Simultaneously, the 
Scheduled Altitude data input array is filled out (Appendix B, page 151). 

It should be noted that the scheduled flight plan may be overridden 
at any time by simulated controller action which may introduce a speed 
change, a standard hold, an emergency 360° turn or other path changes. 

These controller actions are discussed in the following section. 

E. Simulated Controller Actions 

The controller function is modeled in the simulator through the use 
of a series of conflict checkpoints (CHKPT) and controller action points 
(CNTRA) located at strategic points along the routes shovm in Fig. 3. 

Detailed documentation of the tables and arrays of data used in conjunction 
with these points and the program logic used to implement the above 
procedures are given in the appendices. Here, an overall description is 
provided of how the system of CHKPTs and CNTRAs are utilized to simulate 
controller action at the Atlanta terminal. 

CHKPTs are points on the routes where ETA information is maintained 
and at which conflict detection and resolution are effected. In essence, 
they demarcate portions of the flight path for which clearance needs to be 
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obtained. Hence they are generally located at intersections of paths and 
at critical points such as the ILS gate and the runway. CNTRAs are points 
on the routes at which the controller decision process of conflict 
detection and resolution is initiated. Each CNTRA has a particular CHKPT 
associated with it at which conflict detection and resolution are effected. 
Of course, a CNTRA is placed several minutes' flying time ahead of its 
associated CHBCPT to allow time to resolve potential conflicts. 

In the exercise of his routine functions, the human controller is 
faced with a wide variety of traffic situations. The various situations 
call for different types of controller decisions or actions, and the 
decisions have to be taken under differing sets of options open to him. 

To model this aspect of the ATC function, several different types of 
controller actions are provided for in the simulator, as listed in Table 4. 


Code 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 


Table 4. Controller actions. 

Type Action 

Arrival clearance — action to be taken on an arriving 
aircraft being "offered" at the terminal perimeter 

Departure clearance - action to be taken on a 
departing aircraft being "offered" at a runway apron 

General clearance — action to be taken on any airborne 
aircraft approaching its clearance limit 

Secjuencing ~ action to be taken on arrivals to sequence 
them for final approach 

No conflict check necessary 

Pop-up - action to be taken on any aircraft suddenly 
appearing at a random point in terminal airspace 

Re-check aircraft for clearance 

Hand— off to another controller (not yet programmed) 
Register aircraft in "possible altitude conflict" array 
Remove aircraft from "possible altitude conflict" array 
Re-check pop-up aircraft for clearance 
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Each CNTRA point is assigned one of the preceding type numbers, depending 
on what sort of controller action needs to be initiated at the point. 

Controller Action Input Data 

To provide the input data necessary to specify the relatively complex 
controller actions that take place, several data input sheets are used. 

The input data arrays associated with the control function are listed 

in Table 5. The associated data sheets are given in Appendix B, pages 132-157. 

These data arrays are nested and related by a system of pointers 
that indicate to the program where the appropriate input data will be 
found. A pointer in a given column of a data array indicates which item 
of a different array is referenced. The pointer system relating the input 
data arrays is diagrammed in Fig. 6. 

The use of CNTRAs and CHKPTs and associated data may be Illustrated 
by a specific example applied to Route No. 7 of the Atlanta route 
structure. A sketch of this route is shown in Fig. 7. Figure 8 shows 
some of the corresponding data entries in the input data sheets. 

Referring to Fig. 7, note that CNTRA 9 is at the perimeter on Route 7, 
and this indicates that some controller action is immediately called for. 

In Fig. 8, it may be seen that CNTRA 9 is specified as the starting 
control action for Route No. 7. Also, it may be seen from Fig. 8 that 
CNTRA 9 is a type 1 point, that is, one that checks for initial arrival 
clearance. Further, it must check for conflict up to CHKPT 5, which is 
the DALLAS Intersection. Thus, CNTRA 9 has the function of insuring 
separation from previous arrivals approaching DALLAS on Routes 7 and 8. 

The CHKPT 5 data also indicate that the separation to be maintained at 
CHKPT 5 is 5 n ml and that this separation should be maintained for 14 mi 
behind the CHKPT. The associated ETA array is No. 5, and its coordinates 
are provided in the ETA array data sheet. 

Control action 9 also references Option 10, which indicates the options 
to be used to resolve conflicts that are noted at CHKPT 5. Referring to 
line 10 in the Option Array of Fig. 8, we see that no altitude options 
are specified; if the aircraft is a jet it descends to 11,000 ft, and if it 
is a prop it descends to 6000 ft (at the rates of descent specified in 
the Aircraft Performance Array) . The desired speed pointer points to the 
terminal speed, which is specified in the associated Aircraft Performance 
Array as the terminal speed for the aircraft entering. The nominal path 
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Table 5. Input data arrays associated with controller actions. 


1. Controller Action Array (ICNTRA) - Identifies type of action to take 
place, associated checkpoint data array, option data array, the next 
controller action to take place, and the responsible controller. 

2. Conflict Checkpoint Array (ICHKPT) - Specifies separation desired at 
the point and distances ahead and behind that separation should be 
maintained. Identifies associated ETA checkpoints and airspace 
conflict regions. 

3. ETA Checkpoint Coordinate Array (lETCOOR) - Identifies the ETA files 
and specifies their x-y coordinates. 

4. Controller Option Array (lOPTN) - Specifies options available to 
resolve conflicts. Identifies associated altitude option data array, 
desired speed, path number array and divergent route array. 

5. Altitude Option Array (ALTOPT) - Specifies nominal and optional 
altitudes for both prop and jet. 

6. Path Number Array (NNPATH) - Specifies number of segments in a given 
path. Identifies the path, points to optional path, and associates the 
path with flight legs in the flight schedule array. 

7. Divergent Route Array (IDROUTE) - Identifies checkpoints, options, and 
control actions for a possible divergent route. 

8. Limit A/C Array (LIMAC) - Provides for changing separation standards 
at a specified ETA checkpoint as a function of the number of aircraft 
in a specified ETA array or queue. 

9. Starting Route Array (ISTARTA) - Specifies the initial controller 
action that occurs on each route. 

10. Speed Deviations (SPDSTD) - Specifies allowable deviations on each 
speed type for use in the speed control option logic. 

11. Several miscellaneous inputs such as arrival/departure separation 
standards are provided as shown and defined in Appendix B, page 153. 
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Fig. 6. Diagram of relationships between input data arrays as defined by pointers in the 
arrays. 
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NOT TO SCALE 


Fig, 7. Sketch of Route #7 of the Atlanta Terminal Area route structure 
illustrating the ua® of control action points and checkpoints. 
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pointer (6) references two segments (11 and 12 in the Flight Schedule Array) 
which indicates, as discussed previously, how the aircraft flies path 6. 
Control Option 10 indicates that the only option available for resolving a 
conflict at CHKPT 5 is a speed change. If the conflict cannot be resolved 
by a speed change, the aircraft is held in the enroute queue and is, in 
effect, not accepted at this time. If no conflict exists, or if the 
conflict has been resolved by a speed change, the aircraft will proceed 
along path 6 in accordance with the aircraft dynamics and the algorithms 
defining the flight mode. 

As the aircraft passes CNTRA 10, further control action is triggered. 
Referring to Fig. 8, the data sheet indicates that CNTRA 10 is a type 3 
(general clearance) point, and the associated checkpoint is CHKPT 6. 

Referring to Fig. 7, we see that two divergent routes are available 
(path 10 and path 9). The nominal path is path 7. Options specified as 
available to resolve a conflict at CHKPT 6 are specified in Controller 
Option 5 and Include the divergent routes, a possible standard hold at 
DALLAS, and a possible emergency hold at any point along the path. 

When the aircraft is finally cleared to CHKPT 6 by resolution of any 

conflicts, the aircraft will next encounter either CNTRA 11, 12 or 6. Each 

of these Control Action points is identified (see Appendix B) as a type 4 

(sequencing) checkpoint. Passing one of these Control Action points 
triggers the sequencing logic, which determines the time to turn off the 
downwind leg and properly sequences the aircraft in a conflict-free manner 
to the runway touchdown point . 

This general procedure is followed on all routes desired in the terminal 
area. For the route structure defined by the data sheets in Appendix B, 
the Control Action points, conflict checkpoints and associated data are 
indicated on the maps given in Fig. 9 (arrivals) and Fig. 10 (departures). 

Note that on these maps, regions where arrival routes and departure 
routes intersect are designated as airspace conflict regions (ASPACE) . 

These regions are defined by the special Control Action points types 9 
and 10, which are placed on both arrival routes. Arrivals passing a 
type 9 point are registered in a special file against which departure 
aircraft wishing to climb through are checked for possible conflict 
at the arrival altitudes in use. The type 9 action point registers 
the arrivals in a specified file, and the type 10 action point removes 
them from the file. 
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laltlftl Controller Action 
Subscripts lor Esch Route 
(ISTARTA(D) 

Route Controller Action | 
No. 1 Subscript aCNTRA)! 


Controller Action Array (ICNTRA - Packed Array) 
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North 
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(ICHKPT) 
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tion (lOPTN) or 
Virspace polntei 
If type 9 or 10 
(ASPACE) 
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Controller 

Action 
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Controller 
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Path Nur^er Array (NNPAT3I - Packed Array) 


Path 

Subscript 
froo lOPTN 

No. of 
Segoencs 

Pointer to 
Next Optional 
Path 

Path No. 

Subacr 

Ipta CO Sclicd 

uIq .\rray (ISkED) 










a 

0 



(?) 

0 

0 










Divergent Route Array (IDROUTE - Packed Array) 



Flight Schedule Arrcy (ISKCD - Packed Array) 


Ko . 

.MODE 

lUFOl 

IKF02 
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SPD 
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II1F03 

1NF04 

Length of Seg. 
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/ 

/ 
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3/ 
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a 
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i 
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/ 
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Fig. 8. Entries in the Input data sheets illustrating the correlation of the 
input data with the rodte structure of Fig. 7. 
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LEGEND 


ETA array number 6 

checkpoint (CHKPT) number 5 

controller action point (CNTRA) 
number 4 and associated option 
number 3 

Route No. 7 


DALLAS 


ASPACE- 1 




DUMP AREA 






ASPACE 2 


ASPACE 3 


TYRONE 


t6.t«,i7:o 


HAMPTON 


Sketch of Atlanta arrival ^routes represented by the data given In 
Appendix B, showing the conflict checkpoints and the controller ' 
action points along the various routes. 




LEGEND 



Fig. 10. Sketch of Atlanta departure routes represented by the data given in 
Appendix B, showing the conflict checkpoints and the controller 
action points along the various routes. 
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It should also be recalled that, as in reality, the aircraft do 
not follow the specified routes exactly. Deviations occur because of 
specified random navigation and surveillance errors and because, while 
the routes are approximated by straight-line segments in most cases, the 
actual paths are determined from aircraft dynamic equations and have 
differing turn radii for different aircraft types and speeds. 

F . Final Approach Sequencing 

Final approach sequencing (FAS) is the procedure used by the tower 
controllers to direct arrival aircraft within the FAS dump area to the 
runway touchdown point. The FAS dump area at Atlanta is a rectangular 
area extending some 30 n mi on the approach side of the runways. For 
runway 9L the north boundary is the FTY 90/270 radial and for runway 
9R the south boundary is the ATL 90/270 radial. Altitudes in this 
controlled area are generally restricted to 6,000 ft MSL. Specifically, 
the FAS controllers have the task of maintaining separation between 
aircraft within the dump area while directing them along the downwind 
leg, the base leg, and onto a localizer intercept course. Normally, VFR 
aircraft will be controlled and directed along the localizer course, past 
the ILS gate, and their progress monitored until touchdown. IFR aircraft 
are directed onto a localizer intercept course and then monitored as they 
proceed along the localizer course down the glide slope to touchdown. 

The FAS controller must insure aircraft safety while maintaining as 
high a landing rate as possible so that efficient and expeditious movement 
through the dump area is afforded. The terminal area simulation model 
employs an algorithm to simulate the control provided by a human controller 
within certain well-defined constraints. Continuous separation of aircraft 
is the primary goal. 

Generally, all aircraft are directed into the dump area by passing 
over an inner fix point. A sequencing queue containing at most three 
aircraft is established to provide for calculation of the necessary 
control times to move an aircraft from an inner fix to touchdown. As 
each aircraft crosses an inner fix it is inserted into this sequencing 
queue. Of all the previously sequenced aircraft in the dump area which 
have not reached the ILS gate, the sequencing queue contains up to two 
aircraft with the latest scheduled ILS gate times. 

Upon entry into the sequencing queue, a time to turn off the 
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(CNTRA #12) 
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Fig. 11. Typical north and south arrival final sequencing paths illustrating approach paths 
and use of control points in sequencing technique. 
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downwind leg onto the base leg vector is calculated (TOFF) along with 
a time to turn onto the localizer intercept vector (TONN) . These times 
are based on providing proper longitudinal separation at the ILS gate 
using an estimated time of arrival at the gate. The basic structure of 
the approach paths along with refinements to the algorithm assure 
separation between aircraft throughout the dump area. Typical paths 
and the associated control points are illustrated in Fig. 11. 

The parallel runways are fed arrival aircraft by partitioning the dump 
area into north and south sections such that all arrivals into the north 
portion of the terminal area are sequenced in the north portion of the 
dump area, while southern arrivals use the south portion of the dump area. 
Since the two runways 9L and 9R do not have enough lateral separation to 
provide for independent operation, it is necessary for the algorithm to 
treat the runways as dependent. 

With the Atlanta route structure arrival aircraft using runways 9L 
and 9R, two inner fixes (IFIX) are defined. The north inner fix for 
runway 9L is defined on the downwind leg west of the ILS gate and is 
chosen as the earliest possible turn-off point (EPTP) . No aircraft is 
allowed to turn off the downwind leg before reaching the inner fix; thus, 
the time of crossing the inner fix is the time at which each aircraft 
enters the sequencing queue. It can be noted in Fig. 9 that there are 
four paths which feed into the dump area from the north arrival sector. 

One is for NORCROSS arrivals while the other three represent the nominal 
and alternate routes for DALLAS arrivals. A point on the downwind leg 
termed the final turn-off point (FTP) is within the dump area and is the 
end of the downwind leg for sequencing purposes. Two of the feeder paths 
are such that an aircraft arriving over DALLAS might not actually fly over 
IFIX. For this reason, a pseudo-inner fix is defined on each of these two 
paths. These pseudo-inner fix points are defined such that the time 
required to move from the pseudo-inner fix (IFXl or IFX2) to the FTP is 
the same as if the aircraft actually passed over IFIX. The time the 
aircraft reaches the pseudo-inner fix then becomes the time when the 
aircraft enters the sequencing queue. For these aircraft, the earliest 
possible turn-off point located on the downwind leg does not correspond 
to the sequencing point. For this reason, a special provision is made 
to determine the EPTP for these aircraft. 

The south arrival situation is much the same as in the north. For 
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aircraft arriving over HAMPTON, the south IFIX is the sequencing point. 

For TYRONE arrivals, two of the three alternate feeder routes have pseudo- 
inner fixes as sequencing points. Again, the FTP on the downwind leg 
south is used to determine the time of entry into the sequencing queue. 

As each aircraft is entered into the sequencing queue, calculations of 
TOFF and TONN are made to provide for proper separation at the ILS gate. 

An aircraft entering the queue, termed the current aircraft, is first 
checked to see if it can be allowed to pass the aircraft already in the 
queue and scheduled to immediately precede the current aircraft at the 
ILS gate. The current aircraft may pass only one preceding aircraft and 
then only if certain criteria are met. It should be noted that one FAS 
queue handles both north and south arrivals for this dependent parallel 
runway situation. 

To establish the inner fixes and pseudo-inner fixes, sequencing type 
controller action points (e.g., CNTRA's 11, 12 and 6 in Figs. 7 and 11) 
are used and are located such that they are equidistant from the ETA 
checkpoint (CHKPT 6 in Figs. 7 and 11). At the time an aircraft reaches 
one of these sequencing type controller action points it is entered into 
the sequencing queue. The use of the pseudo-inner fix points enables 
the sequencing algorithm to be used for general feeder path structures. 

Input data required for specifying the information associated with 
the sequencing logic is defined and given in Appendix B, page 153. 

G. Communications 

Basic information required concerning the communications logic in 
the program includes specification of the particular controller having 
jurisdiction over particular segments of the path and the durations of 
the messages transmitted. 

The controller responsibility areas, i.e., which controller is 
responsible for which action, are specified in the Controller Action 
Array. For example,, in the Controller Action Array data listed in Fig. 8, 
Controller No. 1 is responsible for Control Action No. 9. Each controller 
action has the associated controller specified. 

For each controller specified (representing each communications 
channel) , messages are handled by setting up two message files in the 
computer. One of these files consists of future messages that are to be 
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sent at a calculated time and the other consists of current messages 
which are to be sent as soon as channel occupancy permits. For each 
message to be transmitted, an earliest transmit time (EXT) and a latest 
transmit time (LTT) are calculated. The message, when Initially generated. 
Is automatically placed In the future message file, and It Is then trans- 
ferred from the future message file to the current message file when the 
clock time equals the EXT. If the communication channel loading Is such 
that a message cannot be transmitted by the latest transmit time, the 
Indicated maneuver Is carried out by the aircraft and a typewritten error 
message Is generated to note that this situation existed. Each schedule 
change has associated with It the appropriate message phraseology. 

For each class of message transmitted, the time required to transmit 
the message and to receive the pilot's acknowledgement Is listed In the 
Controller Message Length Array. For the present Atlanta simulation, 
this array Is given In Appendix B, page 151. 

H. Navigation and Surveillance Errors 

Errors associated with the navigation aids were previously discussed 
In Section IV. C. and appropriate data listed for each type of navigational 
aid In the Navigational Aid Array, Appendix B, page 126. Errors that 
reflect aircraft or pilot-dependent heading errors are provided as 
Input to the program In the "Aircraft Type-Dependent Random Heading Error 
Array" (lACFPER) , as shown In Appendix B, page 152. Each aircraft 
type has an associated type-dependent heading error specified. 

Surveillance errors are specified separately as range, bearing 
and altitude standard deviations and are provided as Input In the 
miscellaneous data Input data sheet given In Appendix B, page 153. 

I. Miscellaneous Inputs 

Various miscellaneous Inputs are required to define runway coordi- 
nates, runway separation Information, glide slope angles, scale factors, 
etc. These miscellaneous Input parameters are defined In Appendix B, 
page 153. This appendix also lists the values currently being used 
for the Atlanta simulation. 
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Preceding page blank 

V. INITIAL RESULTS FROM TEST RUNS 

A. General Discussion \' i 

I?' 

During the course of the development of the model, several versions 
of the model have been used for test runs. To distinguish these versions 
of the model, a nomenclature has been developed to distinguish between the 
various versions. This nomenclature is as follows: 

Atlanta 1 

This version of the model is essentially the one described in Ref. 1. 
The route structure represented is that described in Atlanta Tower Orders 
dated 5/15/69. 

Atlanta 2 

A version of the model using the Atlanta route structure which went 
into effect 11 November 1971. Model algorithms were essentially those 
used in the Atlanta 1 version. 

Atlanta 3 

Minor modifications were made to the Atlanta 2 version to improve the 
realism. 

Atlanta 4 

This is the current version of the model, containing significant 
changes and representing the current Atlanta route structure that went 
into effect 11 November 1971. 

An initial set of test runs was conducted using the old Atlanta 
route structure (Atlanta 1 version of the model) in order to compare the 
model output data with actual radar traffic data taken at Atlanta in 1967. 
The Atlanta 1 version represented the route structure in effect at that 
time . 

In this section, the model output data are discussed and the test 
runs comparing the model output data to the Atlanta radar traffic data 
are presented. 

B. Model Output Data 

Operating in the real-time mode at the computer complex at LRC, 
several types of output data are obtained. The simulation console CRT 
permits the observation of the traffic flow in the terminal area with 

PRECEDING PAGE BLANK NOT FILMED 
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various types of CRT displays. Also, strip chart recordings are used to 
record messages sent over communications channels and various parameters 
of interest, such as time histories of the model queues. In addition, 
data printouts are obtained which contain the scan-by-scan outputs giving 
the position of each aircraft, messages sent, sequencing data, and other 
information. 

In the batch mode of operation, the primary data output is a data 
tape containing scan-by-scan tracking information to be used as input to 
the statistical analysis program, which at present provides statistical 
data on the traffic flow. The batch mode of operation will also print 
this scan-by-scan tracking data if desired. 

Examples of the data output are shown in Figs. 12 through 18. Fig. 12 
is a plot of the CRT display taken from a test run at LRC on 18 August 1972. 
Provision has been made for changing the scale on this plot, as is shown 
in Figs. 13 and 14. In Fig. 12, the range circles are 10 mi apart, in 
Fig. 13 they are 5 mi apart, and in Fig. 14 they are 2% mi apart. 

The console operator may also select an aircraft relative display 
which displays the traffic in the terminal area relative to a selected 
aircraft. An example of this type of display is shown in Fig. 15, where 
the traffic display is relative to the aircraft in the center of the plot. 
Various scales may also be selected for the relative CRT display. 

Examples of the strip chart recording outputs are shown in Figs. 16 
and 17. The data shown on Fig. 16 provide a time history of the messages 
transmitted by the various simulated controllers and the number of 
future messages in each controller's message queue. In this particular 
example, 8 controller channels are being simulated. The strip chart shown 
in Fig. 17 is an example of the type of time history data obtained on the 
number of aircraft awaiting entry into the problem area and the number of 
departures awaiting departure clearance as well as information on aircraft 
in two selected ETA files and the total number of aircraft in the problem 
area. 

Figure 18 shows a sample printout of the scan-by-scan data giving the 
position of each aircraft at four-second intervals as well as other 
supplementary information on the individual aircraft. 

Current outputs of the statistical analysis program are listed in 
Table 6.' 
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Fig. 16. Example of output data obtained on strip chart recording — communications channel information 
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Table 6. Current outputs of the statistical analysis program. 


1. List of arrival. and departure aircraft, giving: 

a. aircraft identification 

b. scheduled entry time 

c. actual entry time 

d. scan deleted 

e. time in queue 

f. time in air 

g. total time in area 

2. Histogram of time between entries in take-off queue — departures 

3. Histogram of actual time between departures 

4. Histogram of imposed delay in take-off queue — departures 

5. Histogram of time between successive departures from terminal area 

6. Histogram of actual flight time in terminal area — departures 

7. Histogram of total time in terminal area — departures 

8. Histogram of time between entries in enroute queue — arrivals 

9. Histogram of actual time between arrivals 

10. Histogram of imposed delay in enroute queue — arrivals 

11. Histogram of time between successive touchdowns — arrivals 

12. Histogram of actual flight time in terminal area — arrivals 

13. Histogram of total time in terminal area — arrivals 

14. Histogram of range to closest aircraft for the five closest aircraft. 


Note: with all histograms except Range to Closest Aircraft, the sample 

mean, variance, and standard deviation are also calculated. 
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C. Comparison of Model-Generated Data with Actual Radar Tracking Data 

Model validation by comparison with real-world data has been an 
Important consideration from the beginning of the program. Ultimately, the 
simulation model will be used In what will essentially be experimental 
Investigations. The main aim of these Investigations will be to draw 
Inferences about the behavior of some particular ATC environment based on 
the observed behavior of the model. Consequently, proper usage of the 
model will require use of all the rules of physical experimentation, plus 
others arising out of the special nature of computer simulation. Further, 

In order to draw Inferences about the real environment. It Is necessary to 
assure that there Is a measure of agreement between the behavior of the 
model and that of the real system. However, It Is Important to recognize 
at the outset that as In most simulation applications, our model will be 
constantly transformed Into a variety of different "versions," as It gets 
used In the analysis of different procedures, regulations, traffic patterns. 
Instrumentation, etc. Many of these versions will model environments which 
are not In existence, so that true validation In the above sense Is not 
possible. Hence, when we speak of validation we speak of demonstrating 
that for at least one version of the model, the behavior of the model Is 
similar to the behavior of a real system. As Conway, Johnson and Maxwell 
point out [Ref. 3], 

the establishment of validity for one variation and one set of 
conditions does little to establish the virtue of other varia- 
tions of the model. So this test, which Is widely and quite 
reasonably applied. Is essentially a null test: a model which 

failed to pass would be exceedingly suspect, but no strong 
statement can be made for a model which passed. 

Given this caveat, we now proceed to explore validation procedure. 

"Behavior" of the simulation model has to be defined In terms of 
specific variables of Interest generated as a result of simulation. These 
variables consltute output of the simulation, and all simulation outputs 
are time-series. Examples are: "operations" per hour, time In terminal 

airspace, time In hold, range to closest aircraft, tlme-to-closest approach, 
etc. Corresponding variables In the real environment are also time-series. 
The essential problem of validation, then. Is to show that the simulation 
time-series are, to a degree of approximation, the same as the corresponding 
real environment time-series with regard to statistical characteristics. 
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Statistical procedures Involving estimation and confidence levels 
require the assumption that the data come from stationary distributions*, 
and this has a major Impact on validation procedure. Consider for a moment 
the simulated time-span. Any problem-solving run of the simulator will 
Involve Its operation over a period of simulated time T, which we call the 
simulated time-span. The simulated time-span T consists of two portions: 

1. There Is a run-in time during which the output variables have 
not reached "steady state" and are still reflecting the transients 
of the start-up conditions. The length of this time can vary, 
depending on the extent of artificiality In the start-up conditions. 

If, as usual, the simulator la started "empty" (no planes In the air 
or on the ground, controllers Idle, etc.), run-in time would be 
longer than If It were started with a load resembling steady-state 
operations. Statistical considerations require that output data from 
the run-in phase be Ignored for statistical Inferences. Thus, since 
start-up conditions cannot with confidence be conjured up to be In 
steady state, there should always be some run-in time during which 
output variables are merely monitored for stability. 

2. After run-in Is completed, a measurement period begins. This 
period corresponds to sample size In more conventional experiments, 
and statistical considerations require that this period be long 
enough (l.e., there be enough "observations" taken) for means and 
other parameters to be estimated with a high level of confidence. 

The general concept of a run-in period and a measurement period Is 

mentioned In the context of a problem-solving run, but It also applies 
for validation runs. 

In previous studies, analyses had been conducted with actual radar 
tracking data obtained from the ARTS system at the Atlanta terminal. 

These data were taken by FAA (NAFEC) personnel over a time span of five days 
during the summer of 1967. The radar data consisted of x, y, z, position 
and velocity data on every aircraft under track at Atlanta over twelve one- 
hour peak traffic periods. The data were taken at four-second Intervals 
throughout each of the (approximately) one-hour sample periods. A more 

||^ 

Some of the more common procedures require. In addition, that the 
data come from normal (Gaussian) distributions. However, "distribution- 
free" methods are also available which do not have this additional 
requirement. In any case, even the simpler procedures are not much 
affected by moderate departure from normality. 
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detailed description of this data base is given in Ref. 4. 

To provide a comparison of the radar data with the model-generated 
data, the model was configured to represent the route structure in use at 
the time the radar data were taken (i.e., Atlanta 1 Route Structure), and 
a traffic sample was generated using as input parameters the same average 
operations per hour, average route loadings, and approximate aircraft type 
distribution as existed during one of the most dense hours of the available 
sample periods. Simulation runs were then made to generate a one-hour data 
sample in the same format as the Atlanta radar data. 

Figure 19 shows a comparison of a simulated (model-generated) track 
and an actual radar track of a B727. The initial starting position of the 
aircraft is slightly different; however, both aircraft pass over the OCR 
VOR site. As may be seen in this particular example, the tracks compare 
favorably in appearance and in that the total flying time of both paths is 
approximately the same. Simulated path deviations appear realistic, and 
in most cases investigated, similar good comparison of individual tracks 
was noted. 

To investigate the relationships among the individual aircraft tracks 
to determine if realistic relative separations were being maintained and 
if the overall control scheme was operating realistically, statistics were 
generated to determine the average percentage of flying time that an aircraft 
found another aircraft within a range interval AR. This statistic provides 
an estimate of the probability that a randomly selected aircraft from the 
aircraft population will have another aircraft within a range interval AR. 
Calculations required to develop an unbiased estimate of this statistic 
are given in Ref. 4. 

Figure 20 indicates the statistical results of comparing the model- 
generated and real-world data on this basis. As may be seen, the results 
compare favorably in all range bins with the possible exception of the 
2 to 3 mile range where the model data indicate a slightly higher percentage 
of flying time took place than occurred in reality. 

A parameter that has been proposed as a warning criterion in collision 
avoidance systems by several Investigators and is reconunended as a warning 
criterion in the ATA Specifications for a Collision Avoidance System is a 
useful parameter to use to estimate the overall safety level of the system. 
This parameter is the t parameter, or the approximate time to closest 
approach of a pair of aircraft. Thus, statistics have been generated on 
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20- Histograms showing the percentage of flying time that a randomly 
selected aircraft found another aircraft within the range bins 
specified on the horizontal axis for model-generated data and 
Atlanta radar data. 
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Histograms showing the percentage of flying time that a randomly selecte 
aircraft found another aircraft within a time-to-closest approach 

specified on the horizontal axis for model-generated data and Atlanta 
radar data. 
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the T parameter which indicate the probability that a randomly selected 
aircraft will find another aircraft within a time-to-closest approach of 
T seconds. A histogram showing the distribution of the x parameter for 
model data and Atlanta radar data is shown in Fig. 21. The comparison 
indicates that the distribution of tlmes-to-closest approach is similar 
in shape with variations in individual histogram bins on the order of a 
few percent. 

The comparison of the model-generated statistics with real-world 
statistics indicates, to a high degree of approximation, that the model as 
configured does in fact provide a good representation of the real-life 
environment. It would be highly desirable to have additional real-world 
data for further comparisons; however, to date attempts to obtain 
additional real-world data have been unsuccessful. 

D. Test Runs to Determine Sensitivity to Random Aircraft Heading Errors 

To illustrate the type of sensitivity studies to be conducted with 
the model, two test runs were made under identical conditions except that in 
one case, random heading errors of approximately 3° rms were Introduced 
for all aircraft. A traffic sample representing approximately 70 opera- 
tions per hour was used and the model was configured to represent Atlanta 
using a single runway. 

Table 7 illustrates the effect of the random heading errors on the 
aircraft flow parameters. The most sensitive parameter under the conditions 
simulated was the actual rate of departures achieved. Note from the table 
that while 20 departures per hour were scheduled, a rate of only 14.3 per 
hour was achieved in the no-error case, whereas 16.7 departures were 
achieved in the case with heading errors. The above results are somewhat 
surprising, however, a study of the remaining data in the table indicates 
that the main effect of the heading errors was to slightly decrease the rate 
of arrivals, hence permitting more departures to be cleared. The rms 
deviation of the total flight time for arrivals increased slightly in the 
case with errors. For the case in which heading errors were Introduced, 
the relative range distributions (i.e., as in Fig. 20) indicated a slightly 
higher probability of finding an aircraft within a two-mile range. 

The above results should not be generalized, since they are based 
on sample runs of approximately 90 simulated minutes under a particular set of 
convenient conditions. Rather, the data are presented to demonstrate the type 
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Table 7. Statistics developed for comparison of sample runs with and 
without random heading errors. Each run represents approxi- 
mately 90 simulated minutes at approximately 70 operatlons/hr . 




Scheduled 

Sample Run 
with 3® rms 
random head- 
ing errors 

Sample Run 
with no 
heading 
error 

1. 

Average time between 
departures 

2.9 min. 

3.6 min. 

4.2 min. 

2. 

Average departure rate 

20/hr 

16.7/hr. 

14.3/hr. 

3. 

Average waiting time for 
departures 

- 

4 . 8 min . 

7 . 6 min . 

4. 

Average time between arrival 
touchdowns 

1.28 min. 

1.33 min. 

1.30 min. 

5. 

Average rate of touchdowns 

47/hr 

45.1/hr. 

46.2/hr. 

6. 

RMS variation of time 
between touchdowns 

- 

.4 min. 

.5 min. 

7. 

Average flying time In the 
terminal area for arrivals 

- 

21.4 min. 

21.2 min. 

8. 

RMS variation of total 
flying time for arrivals 

- 

3 . 5 min . 

3.0 min. 

9. 

Average enroute holding 
time for arrivals 

- 

26.4 sec. 

26.4 sec. 

10. 

Average percentage of flying 
time that a randomly selected 
aircraft had another aircraft 
within 2 n.ml. 


4.3% 

3.6% 

11. 

Average percentage of flying 
time that a randomly selected 
aircraft had another aircraft 
within 4 n.ml. 


41.9% 

46.4% 
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of answers that will be obtained using longer runs that permit the 
development of more statistically significant data under carefully 
selected conditions. 
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Preceding page blank 

VI. CONCLUSIONS 

A terminal area simulation model has been defined that contains the 
major features of the air traffic control situation in the terminal area. 
Algorithms have been developed which permit the simultaneous generation 
of the tracks of many different aircraft from entry into the problem area 
to touchdown on the runway (for arrivals) and from the engine run-up 
point on the runway to exit from the problem area (for departures) . The 
paths are defined by controller-generated radar vectors and by navigation 
aids that are currently used by pilots in the terminal area. 

In addition, techniques have been developed for conflict detection, 
conflict resolution, sequencing, and for the generation of the associated 
pilot-controller messages. These messages incorporate realistic delays 
and are constrained by the channel loadings of the controller-pilot com- 
munication links. Associated display techniques have been developed which 
permit real-time observation of the traffic flow with a simulated radar 
CRT display. 

The initial model has been programmed for the CDC-6600 computer and 
run in both real-time and fast-time on the computer complex at Langley 
Research Center. The initial test runs indicate that the model and 
associated program are within the capabilities of the computer facilities 
available. The test runs also indicate good correlation with actual 
radar traffic data obtained by the FAA at the Atlanta airport. 

As the Initial model development progressed, certain areas of improve- 
ment were noted but were not implemented because of time limitations. 

These improvements are now being made, and include the incorporation of more 
detail in certain areas of the program (e.g., additional flight modes and 
more flexible route design) . Additional logic is being developed to handle 
unusual situations such as missed approaches and emergency situations. 

The model as finally developed is intended to be general and flexible, 
such that changes in instrumentation, terminal area configuration, and air- 
craft performance characteristics can be incorporated and the effects of 
these changes on the overall system evaluated by analysis of the output data. 

The principal uses of the terminal area model and associated simulation 
facility will be to determine the effects of new aircraft types, Improved 
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avionics and ground Instrumentation, and automated sequencing, spacing 
and flow control on congestion, operational capacity and safety. The 
facility will also be used to provide a realistic multiple-aircraft 
environment for the evaluation of pilot displays, terminal optimized 
vehicle configurations, collision-hazard warning system techniques, and 
advanced landing guidance systems. 
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VII. APPENDICES 



^ Preceding page blank 

APPENDIX A 

Terminal Area Simulation Model Logic Flow Charts 

This appendix contains flow charts in which the logic of the model 
is described with sentences or phrases in English for the decision and 
process boxes. The detailed coding and specific algorithms used are 
included in Appendix H. 

Statement numbers are included outside particular flow charting 
symbols for easy reference back to the corresponding statement numbers 
in the programs themselves. Relative statement numbers, noted by a 
+ or indicate the number of FORTRAN statements (excluding comments) 
below or above the given statement number; e.g., 3675+8 points to the 
statement which is eight FORTRAN statements below the statement numbered 
3675. 

The flow charts are grouped in four categories. Figure A-1 is the 
diagram of the overall organization of the model, and Figs. A-2, A-3, and 
A-4 contain flow charts for the Simulation Model, the Traffic Generation 
Program, and the Analysis Program, respectively. The programs and routines 


included in this appendix are as follows. 

Figure 

No. Program or Routine Title Page 

A-1 Flow chart for the overall organization of the 

simulation model 65 

A-2 Logical flow charts for the Simulation Model 66 

A-2.1 TAATM - main overlay 67 

A-2. 2 PAKSPL - pack/unpack special 68 

A-2. 3 PAKUNI - pack uniform 70 

A-2. 4 UPKUNI - unpack uniform 71 

A-2. 5 TATINT - initial read 72 

A-2. 6 INIT - initialize 73 

A-2. 7 TATPRNT - print (and tape write) 74 

a- 2. 8 TATREAD - read additional traffic 75 

A-2. 9 TATMAIN - main program of overlay 4 76 

A-2. 10 TATREST - reset 78 

A-2. 11 TATHOLD - hold 79 


prrcrding Page 


btank not PILMED( 
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Figure 

No. 

A-2.12 
A-2.13 
A-2.14 
A-2.15 
A-2.16 
A-2.17 
A-2.18 
A-2.19 
A-2 . 20 
A-2.21 
A-2. 22 
A-2. 23 
A-2. 24 
A- 3 
A-3.1 
A-3.2 
A-4 
A-4.1 
A-4. 2 
A-4. 3 
A-4. 4 
A-4. 5 
A-4. 6 
A-4. 7 

A-4. 8 
A-4. 9 



MAKTAPE - make Calcomp plotter tape 

DASHCIR - dashed circle 

TATOPER - operate. 

TRACKAC - track aircraft 

RANDU - random number generator 

COMMON - communications 

CNTRLAC - control aircraft 

ETACOMP - compute ETA 

CONCHK - conflict check 

SPDCNTR - speed control 

COMETA - compute time to fly a distance 

CRTDSPL - CRT display 

XFORM - coordinate transformation 

Logical flow charts for Traffic Generation Program . 

TRAFGEN - traffic generator 

GAUSS - Gaussian 

Logical flow charts for the Analysis Program .... 

ANALYS - main program for analysis 

RTAPE - read tape 

ST4RR - statistics of relationships between aircraft 

0UTST4 - output of ST4RR 

FILT4R - filtering of statistical relationships. . . 

0RD4UP - array ordering 

OUTPTl - output of various duration statistics for 
aircraft in queues or in the terminal area 

HISTGRM - histogram 

PRINTH - print histogram 


Page 

81 

82 

83 

86 

88 

89 

90 
95 
97 
99 

101 

102 

105 

106 
107 

109 

110 
111 

113 

114 

115 

116 
118 

119 

121 

122 
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Fig. A-1. Flow chart for the overall organization of the simulation model. 
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Fig. A-2. Logical flow charts for the Simulation Model. 
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Fig. 


A-2.1 


TAATM - main overlay 







Fig. A-2.2. PAKSPL - pack/unpack special. 
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IS 



Fig. A-2.2. Concluded 






P. 3 


P. 1 




Fig. A-2.3. PAKUNI 


pack uniform. 
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( 


Fig. A-2.4. UPKUNI - unpack uniform. 
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'I 


lii 


READ AIRWAY 

DISPLAY 

COHSTANTS 


READ 

HISCELLAHEOUS i 
CONTROL / 
CONSTANTS / 


READ IN 
CORRECTim 
OR UNIT 
CONSTANTS 


READ IN 
ATTRIBUTE 
TABLES FOR 
PACKING 


READ AND 
PACK AIR- 
CRAFT , 
PERFORMANCE / 
RATES / 


READ AND 
PACK AIR- , 
CRAFT I 
PERFORKANCE/ 
SPEEDS / 


READ AND PACK 
AIRCRAFT 
PERFORMANCE i 
TIMES I 


READ AND PACK 
AIRCRAFT 
STANDARD TURN j 
RATES / 


READ AND PACK 
CONTROLLER 
ACTION ARRAY i 


READ AND PACK 
CONFLICT 
CHECKPOINT 
DESCRIPTION j 
ARRAY / 


READ AND PACK 
CONTROLLER j 
OPTION ARRAY i 


READ AND PACK 
FLOW CONTROL j 
DESCRIPTION I 
ARRAY / 


READ AND PACK 
FLIGHT PATH 
DESCRIPTION j 
ARRAY / 




/ READ AND PACK 
/MASTER SET OF 
/FLIGHT SEGMENTS 
/USED TO MAKE UP i 
/SCHEDULES / 


READ SEGMENT 
DISTANCES 
AND PACK i 


I READ AND PACK 
DIVERGENT ROUTE i 
DESCRIPTION / 
ARRAY / 


/READ AND PACK 
/ MASTER TRAFFIC i 
F SAMPLE, CONVERT-/ 
ING OFFER TIME / 
FROM SEC. TO / 



READ 

MISCELLANEOUS 
SEQUENCING i 
DISTANCE / 

CONSTANTS / 


READ 

MESSAGE 

LENGTHS 


! 


/READ SEQUENCING / 
/ ANGLES OF INTER-/ 
/ SECTION OF / 

/ FINAL BY BASE / 

/ 

(J 



/ READ STARTING , 
/CONTROLLER ACTIOf/ 
F SUBSCRIPTS TO / 
APPLY TO EACH / 
ROUTE / 


READ ARRAY OF 

OPTIONAL 

ALTITUDES 


READ ALTITUDES 
TO ASSOCIATE 
WITH 

SCHEDULES 



i 


/ READ PATH NUMBER ) 
/ (POINTER TO PATH OESCRIP/ 
/ TION ARRAY) FOR / 
/ STANDARD HOLD, EMERGENCE 


P. 


READ 

MISCELLANEOUS 
CONSTANTS , 


' READ AND PACK 
ARRAY OF AIR- 
CRAFT TYPE 
DEPENDENT i 
FLIGHT PATH § 


/ READ AND PACK 
/ COORDINATES OF J 
/ ESTIMATED TIME / 
r OF ARRIVAL (ETA)/ 
POINTS / 



Fig. A-2.5. TATINT - Initial read. 
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Fig. A-2.6. INIT - Initialize. 
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AIRCRAFT DELETION INFORMATION (2) 


( PROGRAM A 
"TATPRNT” J 


SPECIFICATION 

STATEMENTS 

"COMMON" 

"EQUIVALENCE" 

"DIMENSION" 

"I OPTICAL ” 


SET WHITE LIGHT 
TO INDICATE OVER' 
LAY 2,0 "TATPRNT' 
BEING EXECUTED 


90031 

CALL SYSTEM 
ROUTINE THAT 
READS REAL TIME 
OUTPUT FILE 



/PRINT SCAN HEAD- 
/ ER OF SCAN NUH- j 
I BEH. NUMBER OF 
' AIRCRAFT. AND i 
RUN NUMBER / 


8QQ0Q f 

COMPUTED "GO TO" 
BASED ON TYPE OF 
- DATA TO BE 
PRINTED 


81 OOP 




Q200Q 



1 83000 



PRINT MESSAGE 



ISSUED BY 

DATA BE HRIT-Vs. NO 


CONTROLLER 

^'V^^EN ON TAPE? 


YES 


WRITE THIS DATA 
ON TAPE 



READ OVERLAY 
4,0 ("TATMAIN") 
BACK INTO CORE 




RETURN TO A 
CALLING PROGRAM J 


Fig. A-2.7. TATPRNT - print (and tape write). 
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Fig. A-2.8. TATREAD - read additional traffic. 
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( PROGRAM ^ 
‘'TATHAIN" j 


SPECIFICATION 


call THE SYSTEM'S 

STATEMENTS 

^/the console\. 

"COMMON" 

^..''^ERATOR DESIRE TOV YES 

ROUTINEC'RTOLDR") 

"EQUIVALENCE" 

\ GO INTO THE HOLD \ » 

TO LOAD THE HOLD 

"DIMENSION" 

"LOGICAL" 

MODE 



SET WHITE LIGHTSi 
ON CONSOLE TO 
INDICATE 
"TATHAIN" IS 
BEING EXECUTED 


CALL SYSTEM'S ROUTINE 
(••LORSEC") THAT ALLOWS 
SECONDARY OVERLAYS TO 
BE LOADED AFTER A 
PRIMARY HAS BEEN LOADED 
AND ESTABLISHES LINKAGE 
BETWEEN THE REAL-TIME 
PRIMARY AND THE 
SECONDARY DURING REAL- 
TIME OPERATIONS 


CALL SYSTEM'S ROUTINE 
("LOSTIME") THAT SETS 
UP PROGRAM STATEMENT 
ADDRESS TO WHICH CONTROL 
WILL BE RETURNED IF 
FRAME TIME IS 
EXCEEDED 


CALL SYSTEM'S ROUTINE 
("CYCLE") THAT SPECIFIES I 
THE PROGRAM STATEMENT 
ADDRESS WHICH IDENTIFIES | 
THE BEGINNING OF THE 
FRAME CYCLE 


SET UP MODE 
CONTROL RETURNS 
TO THE PROGRAM 


CALL SYSTEM'S 
ROUTINEC'READY") 
THAT INITIALIZES 
THE REAL-TIME 
SYSTEM 



^ DOES 
_ THE CONSOLE 

''Operator desire to 
^0 into the operate 

MODE 


NO 


SET THE' S^WndARy 

OVERLAY indicator! 
, TO 3 WHICH INDI- 
CATES THE OPERATE 
OVERLAY 


DOES 

THE CONSOLE 
''TiPERATOR DESIRE TO G?N 
JNTO THE OPERATE MODE . 


CALL THE SYSTEM’S 
ROUTINE ("RTOLOR' 
TO LOAD THE 
* OPERATE OVERLAY 


ALL THE SYSTEM'S 
kOUTINEC'EXEOVL") 
[THAT EXECUTES THE 
PVERLAY THAT WAS 
LOADED 


90024 


CALL SYSTEM’S ROUTINE 
("DSPLAY") WHICH CAUSES 
THE DATA ENTRY KEYBOARD 
AND DIGITAL DECIMAL 
DISPLAY TO FUNCTION 



Fig. A-2.9. TATMAIN - main program of overlay 4. 
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TERMINATE MODE 


p fi 


P. 7 




90017 1 


CALL SYSTEM'S 

ROUTINE 

("SYNCH") 


Fig, A-2,9. Concluded. 
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Fig. A-2.10. TATREST 


reset. 
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Fig. A-2.11. TATHOLD - hold. 
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© 



Fig. A-2.11. 
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Concluded 
















Fig. A-2.13. DASHCIR - dashed circle 









Fig. A-2.14. TATOPER - operate. 
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P. s 


P. 7 




Fig. A-2.14. Continued. 
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Fig. A-2.14. 


Concluded . 
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Fig. A-2.15. TRACKAC 


track aircraft. 
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Fig. A-2.15. Concluded 
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PERFORM A MODULO FUNCTION} 
ON THE NUMBER WITH AN 
INTEGER THAT IS THE 
LARGEST POSSIBLE INTEGER 
FOR THE COMPUTER WORD 
SIZE (IN THIS SPECIFIC 
CASE, FOR A 32-BIT WORD) 


PERFORM 2'S COMP-I 
LEMENT arithmetic! 
ON THE NUMBER TO 
|MAKE IT POSITIVE 
(l‘S COMPLEMENT 
-PLUS ONE) 


MULTIPLY THE R£ 
SULTANT NUMBER BVl 
THE RECIPROCAL OF} 
LARGEST INTEGER 
FOR 32-8IT WORD 


r RETURN TO ^ 
CALLING PROGRAM J 


Vi 


Fig. A-2.16. RANDU 


random number generator. 
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COMMON 



cooBunicatlons . 


89 












r SUBROUTINE 
L "CNTRLAC" 



wrnl 

STATEKE 

"COHNON 

"DIHENS 

"EQUIVA 

“lOfilfAl 

^ATION 

TS 

ON" 

ENCE" 





_ ■— 


•n 

- 




' \ 







^ ? 



1 


& 

s 

i 

! s 
s 

s 

a 

a 

s 

b 

5 

.4 

< 


8 

s 

g 

j 

§ 

I 

1 

‘s 


g 

3 








it! 

in 

I 

Ip 



1 


C 

9 

a 

a 

it 

§ 

'a 


zk 

* 







COKPUTED "GO TO" 
BASED ON TYPE 
CONTROLLER AC- 
TION NEEDED 


10000 

INITIALIZATION 
FOR CONFLICT 
CHECK FOR AIR- 
CRAFT WAITING 
IN QUEUE 




Fig. A— 2.18. CNTRLAC — control aircraft. 
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P. 7 




Fig. A-2.18. Continued. 
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(§> 




P. 13 


LOOK AT ALL AIRCRAFT 
BEHIND THIS AIRCRAFT- 
IF THEY HAVE PRIORITY, 
PLACE THEM IN FRONT; IF 
THEY NEED HOLDS, UPDATE 
THEIR ETA'S 



23000 

24000 , 

ACCEPT CLE 
ARRIVALS A 
DEPARTURES 
ACTIVE TRA 

AREO 

ND 

INTO 

FFIC 


TERMINAL SATURATE; 




24500 


SET FRAME COUNT 
INDICATORS FOR 
mis CONTROLLER 
\CTION AND RETURN 
•OR PICKING UP 
hlU FRAHF : 


c 


RETURN TO 
"TATOPER" 




LOCATE ID OF AIR 
CRAFT THAT NEEDS 


EMERGENCY HOLD 
MESSAGE-SET ‘RE- 



SAGE DEVELOPMENT 
TO 26050 


30000 1 

1N5PRT 'ff§§A6^ 

INTO FUTURE MES- 
SAGE QUEUE ORDER- 
ED ON EARLIEST 
TRANSMIT TIME 


Fig, A-2.18. Continued. 
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Fig. A-2.18. Concluded 





p. 


3 



CALCULATION AT SEPARATION 
DISTANCE FROM CHECKPOINT 




Fig. A-2.19. ETACOMP 


compute ETA. 
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1 
















5 


?. 5 




P. 7 


Fig. A-2.19. Concluded. 
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100 



1 


©H 


"OTHER A/C’CAIJ BE 
PASSED 

DUMP PASS AIR- 
CRAFT COUNTER 


NEXT EARLIER 


AIRCRAFT UILL 

YES 

HOU BE CALLED 


"OTHER A/C" 


4’ 

1) r 



COMPUTE ETA AT 
SEPARATION DIS- 
TANCE BEHIND 
"THIS AIRCRAFT" 
BY CALLING ROU- 
TINEf'ETACOMP-l 


FOR PURPOSES OF CALCULAT- 
ING AN ETA AT THE SEPARA- 
TION POINT, SET VELOCITY 
OF FIRST AND SECOND AIR- 
CRAFT TO -DESIRED SPEED 
OF "THIS A/C" 


© 



LAST AIRRAP1 N 

THE ARRAY CALLED 
"OTHER A/C"-UN- 
PACK ETA AND 
VELOCITY OF 
"OTHER A/C" 

} • 

5 




Fig. A-2.20. CONCHK - conflict check. 













IS 

'there an AIR- 

^CRAFT BEHIND "OTHER 
A/C" 


THE ALTI>s 
^TUDE LEVELS OF^ 

'the two aircraft WITR' 

■ JN 2000 FT OF EACH 
OTHER 



Fig. A-2*20. Concluded 






P. 3 


C "subroutine a 

"SPDCNTR" ) 



LET AIRCRAFT TRY- 
ING TO MERGE INTO 
SLOT USING SPEED 
CONTROL BE CALLED 
"THIS A/C" 





YES 

NEXT EARLIER. 
AIRCRAFT WILL 
NOW BE CALLED 
"OTHER A/C" 

150 ) 


SUBTRACT ONE 
FROM PASS 
INDICATOR 




SET ETA FOR "THIS A/C" 
TO EARLIEST POSSIBLE 
ETA. SET VELOCITY OF 
FIRST AND SECOND AIR- 
CRAFT TO DESIRED SPEED 







UNPACK ETA 



SET INDICATOR TO 

INFORMATION 



SAY THAT POSSIBLE 

ON "OTHER A/C" 



TIME FRAME INTER- 




VAL FOR "THIS 



' 





Fig. A-2.21. SPDCNTR - speed control. 
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P. 5 



COMPUTE TIME TO 
CHANGE SPEED 


'relative to BE- 
GINNING OF PATH 




Fig. A-2.21. Concluded. 
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p. 1 


25 


UNPACK DECELERA- 
TION RATE FOR 
THIS AIRCRAFT 



AMOUNT OF TIME REQUIRED 
TO FLY PATH IS DISTANCE 
I DIVIDED BY FINAL VELOCITY 
-EARLIEST ARRIVAL TIME 
I AND LATEST ARRIVAL TIME 
ARE THE SAME 



COMPUTE TIME TO FLY 
DISTANCE WITH SPEED 
CHANGE FIRST BY ADDING 
TIME DURING CHANGE TO 
REI-1AINING DISTANCE 
DIVIDED BY FINAL VELOCITYl 


COMPUTE TIME TO FLY 
DISTANCE WITH SPEED 
CHANGE LAST BY ADDING 
TIME DURING CHANGE TO 
REMAINING DISTANCE 
DIVIDED BY INITIAL 
VELOCITY 


VELOCITY AT END 
OF DISTANCE 
EQUALS FINAL 
VELOCITY 


— *© 


COMPUTE VELOCITY 
AT END OF 
DISTANCE 






© 

I 


TIME TO FLY DISTANCE I 
EQUALS VELOCITY AT END 1 
OF DISTANCE MINUS INITIAlI 
VELOCITY AND THEN DIVIDE | 
THIS BY RATE OF CHANGE I 
OF SPEED I 


2QQ ^ 

f 1 A RETURN TO ^ 

^ ' y "VCALLING ROUTINER 


Fig. k-1.11. COMETA 


compute time to fly a distance. 
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SUBROUTINE 
1 "CRTDSPL" 



L 





Fig. A-2.23. CRTDSPL - CRT display. 
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Fig. A-2.23. Continued. 
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?, 9 





p. n 


CALL THE SYSTEM’S ROUTINE 
("RITE250") THAT CAUSES 
THE STORED FILE FOR DIS- 
PLAY TO BE WRITTEN ON 
THE CRT 


60200 


60100 

ITAll system's " 

ROUTINEC’SENO") 

' THAT DELIVERS 
INSTRUCTIONS TO 
THE CRT 


©- 


mrrr 

ROUTINE 
THAT CH 
SEE IF 
IS BUSY 

>TEM'S 
"ENABLE" 
CKS TO 
HE CRT 

CRT IS 

S 

FREE 

ISSUE THE SECOND 
NECESSARY CALL 
TO THE SYSTEM'S 
ROUTINE 
(■'RITE250") 



90000 , 


/ RETURN TO N 

^ "TATOPER" J 


CRT IS BUSY 


Fig. A-2.23. Concluded. 
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Fig. A-2.24. XFORM - coordinate transformation 






1 


Fig. A-3. Logical flow charts for Traffic Generation Program. 
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Fig. A-3.1. TRAFGEN - traffic generator. 
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Fig. A-3.1. Concluded. 
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Fig. A-4. Logical flow charts for the Analysis Program. 




Fig. A-4.1. ANALYS - main program for analysis. 
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P. s 





Concluded . 
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P. 3 


P. ] 




Fig. A-4.2. RTAPE 


read tape. 
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P. 3 


CALL ROUTINE THAT ORDERS , 
PARAMETER VALUES SHALLES1 
TO LARGEST 
("0RD4UP") 


LOOP 1 TO NUMBER OF AIRCRAFT THIS SCAN AND LOOK AT 

Tl 5?P~EN^ r QP jlLPEPCLANE.O BEERJDJARAMETER.Va.Ua _ 


SET A VARIABLE TO THE 
MINIMUM OF THE NUMBER 
OF AIRCRAFT IN THIS ROW 
AND THE LARGEST COLUMN 
TO BE CONSIDERED FOR 
THE HISTOGRAMS 



LOOP THROUGH COLUMNS OF FILTERED AND ORDERED 

— _PARAMET^ valuer 10, Bi CONSIDERED IN HISTOGRAM 

' (LOOP ENDS AT 200) W * 



Fig. A-4.3. ST4RR - statistics of relationships between aircraft. 
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P. 3 


C SUBROUTINE ^ 
"OUTST4" ) 


SPECIFICATION 

STATEMENTS 

"COMMON" 

"DIMENSION" 




. LOOP JlN_NUMBER.OJ PARAMETERS_TO 
(LOOP ENDS AT 400) I 


BE OUTPUT IN HISTOGRAM FORM 


' PRINT HISTOGRAM i 
HEADER FOR THIS/ 
PARAMETER / 


100-1 


INITIALIZE CUMULATIVE 
COUNT OF AIRCRAFT FOR 
EACH COLUMN TO THE COUNT 
OF AIRCRAFT IN THE FIRST 
BIN FOR EACH COLUMN 


?5Q-3 

INITIALIZE PERCENT AND 
CUMULATIVE PERCENT ARRAYS 
TO THE PERCENT OF AIRCRAF^ 
IN THE FIRST BIN FOR EACH 
COLUMN 


PRINT HEADER INDICATING , 
NUMBER OF SCANS AND 
WHICH SCANS CONSIDERED 


PRINT HEADERS FOR 
TOTAL FLYING TIME 
COUNT AND FILTERING 
PARAMETERS USED 


PRINT FIRST BIN OF 
COUNTS. PERCENTS, AND 
CUMULATIVE PERCENTS 


_LQ0£ £RJ3M_TUp.§£Q£iriP 10 IH^Nij/L iAiTJifI . 

(LOOP ENDS AT 300) 

FOR THIS BIN DEVELOP THE| 
PERCENT AND CUMULATIVE 
PERCENT FOR EACH COLUMN 


PRINT THE EXTENT OF 
THE BIN AND THE 
COUNTS, PERCENTS, AND J 
CUMULATIVE PERCENTS 
FOR EACH COLUMN 


A 

I 

L- 




. _) 


FOR THE LAST BIN 
COMPUTE PERCENT AND 
CUMULATIVE PERCENT 
FOR EACH COLUMN 





A 


j 


Fig. A-4.4. 0UTST4 


output of ST4RR, 
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SUBROUTINE 

"FILT4R" 


SPECIFICATION 

STATEMENTS 

"COMMON" 

"DIMENSION" 

"EQUIVALENCE" 


BUMP FILTER 

PARAMETER 

COUNTER 


LOOPJ JOJJUHBER_OF_AIWRA_FT2HIS SCAN-LOO^ O^RO^OF PAMMETE^MAJRJX 

(LOOP ENDS AT 200) " 1 

INITIALIZE TO ZERO 
ORIGINAL COLUMN NUMBER 
OF MATRIX BEFORE DIAGONAL 
REMOVED. INITIALIZE TO 
ZERO COUNT OF PARAMETER 
VALUES FILTERED OUT FOR 
THIS ROW 


I SET TEMPORARY 
I TO FILTER 
: PARAMETER 
' VALUE 


I STRIP OFF NEXT 
' FILTER 
PARAMETER 
INDICATOR 


INITIALIZE COUNTS OF 
VALUES IN THIS ROW TO 
NUMBER OF AIRCRAFT MINUS 
ONE. SET TEMPORARY VARI- 
ABLE TO SUBSCRIPT OF THIS 
AIRCRAFT IN LAST SCAN 


>^HE FILTeIN. 
/PARAMETER INDICES 
TOR LESS THAN. EQUAL ' 
NiR GREATER THAN ONE 

\ 7 ^ 


COMPUTE ALTITUDE 
DIFFERENCE AND SET 
TESTING VARIABLE TO 
IT 


MOVE ALL COLUMNS FOR 
THIS ROW OF THE 
PARAMETER MATRIX INTO 
A TEMPORARY ARRAY 


LOOP 1 TO NUMBER OF AIRCRAFT THIS SCAN MINUS ONE-LOOP ON COLUMNS 
. OF PARAMETER MATRIX 

M LOOP ENOS AT 150) 1 1 


SET TESTING VARIABLE 
TO CLOSING VELOCITY 


GREATER THAN ONE 


21 ^^IS\ 
^^HE FILTEINw 
EQUAL TO^x^ARAMETER INDICES. 

^ 3 V7 QR LESS THAN, EQUAL^ 

■ OR GREATER THAN^ 

\ 3 / 


CaMPUTE ELEVATION AND 
SET TESTING VARIABLE 
TO IT 


GREATER THAN 3 


BUMP COUNTER FOR ORIGINAL! 
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A-4.5. FILT4R - filtering of statistical relationships. 
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Fig. A-4.5. Concluded. 
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Fig. A-4.6. ORD4UP 


array ordering. 
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Fig. A-4.7. 


OUTPTl - output of various duration statistics for aircraft in 
queues or in the terminal area. 
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Fig. A-4.8. HISTGRM - histogram. 
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Fig. A-4.9. PRINTH 


print histogram. 
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APPENDIX B 


Input Data for the Current Atlanta Terminal Area Route Structure 


This appendix contains fllled-out data sheets giving the set of 
numerical values used to define the current Atlanta route structure and 
procedures. In addition, data sheets which define and list the aircraft 
performance parameter^ currently In use In the simulation are documented 
In this appendix. Table B-1 defines and gives current numerical values 
for miscellaneous Input parameters that are not Included In the 
fllled-out data sheets. 
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Flight Schedule Array (ISKED - Packed Array) 
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Flight Schedule Array (ISKED - Packed Array) 
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Flight Schedule Array (ISKED - Packed Array) 
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Flight Schedule Array (ISKED - Packed Array) 
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Flight Schedule Array (ISKED - Packed Array) 



131 





























































Controller Action Array (ICNTRA - Packed Array) 



ype 9, use number of array following Airspace check. 































































































Controller Action Array (ICNTRA - Packed Array) 
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*Note: For type 9, use number of array following Airspace check. 


































































































































Controller Action Array (ICNTRA - Packed Array) 
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*Note: For type 9, use number of array following Airspace check. 
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*Note: For type 9, use number of array following Airspace check. 


























































































































Q 


(0 

u 

u 

< 


T3 

0) 

0 

(d 

P4 

1 




(d 

w 

V4 


< 

c 

o 


o 


u 

(U 


o 

m 

4J 

c 
o , 
o 


V)| 

4^ 




0) 

00 

(d 

PL4 


Distance to 
specified check- 
point from pre- 
ceding check- 
point (n.mi.) 

0 

V) 

\ 

\ 

0 

0 

*o 

no 


0 

Vi 

S 










Controller 

No. 

a 

a 



Ol 



a 

a 










Next 

Controller 

Action 

(ICNTRA) 


v> 

(N 


Oq 


Oo 

Oo 

to 

rb 










Controller op- 
tion (lOPTN) or 
/Airspace pointer 
if type 9 or 10 
(ASPACE) 

> 

Co 



a 

V» 


v> 

> 











Checkpoint 

No. 

(ICHKPT)* 





o- 



- 

C6 










y 

East 
(n mi) 


0 

v> 


0 

\o 


O 

\n 



C 

\n 










X 

North 
(n mi) 


0 

V) 


Q 

\o 


O 

Vo 



0 

\n 










Type 

- 

ro 

va 

cr 

- 

CO 

vS 

- 

ro 










No. 

73 

£> 

Vy> 

o- 


Co 

L 

'T' 

0 

oq 











I 


136 


*Note: For type 9, use number of array following Airspace check. 
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Conflict Checkpoint Array (ICHKPT - Packed Array) 
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Conflict Checkpoint Array (ICHKPT 
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Conflict Checkpoint Array (ICHKPT - Packed Array) ' ! 
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Conflict Checkpoint Array (ICHKPT - Packed Array) 
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Altitude Option Array (ALTOPT) 
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Limit A/C Array (LIMAC — Packed Array) 
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Table B-1. 


Definition of miscellaneous input parameters and numerical values 
used for Atlanta simulation. 


Variable 

Name Value 


Definition 


AK 

.9 

ALPHK 

1 

ARRMNA 

6000. 

ARRMXA 

11000. 

BETA 

75. 

BOUND 

40.1 

CGLIDE 

.0125 

CILS 

.05 

CKRC 

5.81 

CKROLL 

-750. 

CRC 

.04 

CROLL 

.02 

DELALT 

50 

DELSPD 

9 

DELT 

4 

DKCON 

45 

EHOLDD 

120. 

ENROTA(l) 

6500. 

ENR0TA(2) 

11500. 

GLIDE (1) 

2.88 

GLIDE (2) 

2.60 

HDCON 

.0025 

lARG 

7 


constant that limits change of path error 

pilot gain constant for VOR or ILS mode 

minimum arrival altitude in terminal area 

maximum arrival altitude in terminal area 

angle of view in degrees desired for the cockpit display 
of the runway 

radius in n mi which defines the circular boundary 
around the airspace being considered by the model 

scale factor for DAC output of the error off the 
glide slope for the pseudo— cockpit 

scale factor for DAC output of the error off the 
ILS for the pseudo— cockpit 

scale factor for the ADC input of the rate of 
climb for the pseudo— cockpit 

scale factor for the ADC input of the roll angle 
for the pseudo-cockpit 

scale fact.or for DAC output of the rate of climb 
for the pseudo-cockpit 

scale factor for the DAC output of the roll angle 
for the pseudo-cockpit 

"make good" limit on altitude in ft 

"make good" limit on speed in kts 

time increment in sec 

correction constant when flying DME mode 

time in sec required for completion of one emergency 
hold 

altitude above which prop-type aircraft use enroute 
descent rate 

altitude above which jet uses its enroute descent rate 
glide slope angle for runway 9L 
glide slope angle for runway 9R 

scale factor for the DAC output of the heading for 
the pseudo-cockpit 

small odd Integer used as a seed for the random number 
g6Ti6rator sssod^tied with th© rnd^ir ©riroirs 
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Table B-1. Continued. 


Variable 


Name 

Value 

Definition 

lARRN 

4 

subscript of ETA array for touchdown times for arrivals 
from the north 

lARRS 

9 

subscript of ETA array for touchdown times for arrivals 
from the south 

IDEPN 

11 

subscript of ETA array for take-off times for 
departures to the north 

IDEPS 

35 

subscript of ETA array for take-off times for 
departures to the south 

IHPATHE 

23 

pointer to NNPATH for emergency hold path description 

IHPATHS 

21 

pointer to NNPATH for standard hold path description 

IPOPPA 

22 

pointer to NNPATH for initial popup path description 

ITANG(1,1) 

109 

angle (heading) for intersecting the final leg from 
base leg when distance from north ILS gate to 
intersection is _< 2 n mi 

ITANG(1,2) 

119 

angle (heading) for intersecting the final leg from 
base leg when distance from north ILS gate to 
intersection is > 2 n mi 

ITANG(2,1) 

69 

angle (heading) for intersecting the final leg from 
base leg when distance from south ILS gate to 
intersection is < 2 n mi 

ITANG(2,2) 

59 

angle (heading) for intersecting the final leg from 
base leg when distance from south ILS gate to 
Intersection is > 2 n mi 

J 

36 

temporary variable for number ETA point coordinates 

JJ 

7 

temporary variable indicating the number of altitude 
regions 

NADF 

2 

number of ADFs 

NALTOP 

3 

maximum number of altitude options available to a 
controller in a particular region 

NALTSKD 

9 

number of fixed altitudes to be used by the flight 
schedule 

NARR 

8 

number of arrival routes 

NCACT 

81 

number of controller action points 

NCHK 

40 

number of checkpoints 

NCP 

6 

number of estimated times of arrival at checkpoints 
to be output for an aircraft 

NDEPR 

4 

number of departure routes 

NOME 

3 

number of DMEs 
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Table B-1. Continued. 


Variable 


Name 

Value 



Definition 

NDRTE 

10 

number 

of 

divergent routes 

NFIX 

9 

number 

of 

FIXs 

NILS 

2 

number 

of 

ILSs 


NLIM 

4 

number of air traffic flow control descriptors 

NOPT 

54 

number of option descriptors 

NPTH 

49 

number of legs that describe this route structure 

NSKED 

83 

number of segments that describe this route 
structure 

NSPDSTD 

9 

number of speeds which can be varied for conflict • 
resolution 

NSTART 

12 

number of initial controller action points 

NTRAF 

101 

total number of aircraft in traffic sample 

NTYPE 

21 

number of performance types of aircraft 

NUMSC 

2500 

number of scans desired for run 

NVOR 

8 

number of VORs 

PASEP 

40 

time in sec added to gate time of next arrival on 
"other" runway which reserves the runway for the 
arrival and prohibits a departure 

PDSEP 

60 

time separation in sec between departure on "other" 
runway and the departure requiring clearance 

PHIK 

1 

constant to convert desired heading correction to 
bank angle 

PPMX(l) 

-4. 

aircraft past position markers; pairs of x, y 

(2) 

0 

coordinates which are rotated and translated 

(3) 

-4. 

to be behind aircraft symbols on CRT 

PPMY(l) 

-4. 

(2) 

0 


(3) 

4, 


RAD(l) 

0. 

north-south coordinate for the location of the radar 

RAD(2) 

0. 

east-west coordinate for the location of the radar 

RAD(3) 

1024. 

altitude above sea level for the location of the radar 

RCON 

.5 

radius in n mi around VOR within which "away from VOR" 
equations cannot be used 

RCP(l) 

14 

maximum length in n mi for downwind leg of the approach 
pattern for arrivals from the north 

RCP(2) 

16.4 

maximum length in n mi for downwind leg of the approach 


pattern for arrivals from the south 
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Table B-1. Continued. 


Variable 


Name 

Value 

Definition 

RWYX(1,1) 

.365 

north-south coordinates in n mi for corners of 

(2,1) 

.315 

runway 9L which are used for the cockpit display 

(3,1) 

.315 

of the runway 

(4,1) 

.365 


RWYX(1,2) 

-.355 

north-south coordinates in n mi for corners of runway 

(2,2) 

-.405 

9R which are used for the cockpit display of the 

(3,2) 

-.405 

runway 

(4,2) 

-.355 


RWYY(1,1) 

1.4 

east-west coordinates in n mi for corners of runway 

(2,1) 

1.4 

9L which are used for the cockpit display of the 

(3,1) 

-.25 

runway 

(4,1) 

-.25 


RWYY(1,2) 

.84 

east-west coordinates in n mi for corners of runway 

(2.2) 

.84 

9R which are used for the cockpit display of the 

(3,2) 

-.48 

runway 

(4.2) 

-.48 


RWYZ(l) 

1024. 

altitude in ft of runway 9L 

RWYZ(2) 

1015. 

altitude in ft of runway 9R which are used for the 
cockpit display of the runway 

SASEP 

40 

time in sec added to gate time of next arrival on 
"same" runway which reserves the runway for the 
arrival and prohibits a departure 

SEPP(l) 

3 

required separation in n mi between aircraft 
arriving on the same runway 

SEPP(2) 

2.911 

required separation in n mi between aircraft 
arriving on different runways 

SHOLDD 

240 

time in sec required for completion of one 
standard hold pattern 

SIG(l) 

380. 

standard deviation in ft for range from the radar 
used to simulate radar errors 

SIG(2) 

.25 

standard deviation in deg for bearing from the radar 
used to simulate radar errors 

SIG(3) 

81. 

standard deviation in ft for altitude above the 
radar used to simulate radar errors 

SQX(l) 

0 

six sets of X, y coordinates needed to draw 

(2) 

4 

symbol on CRT for pop-up aircraft 

(3) 

0 

(4) 

0 


(5) 

-4 


(6) 

0 


SQY(l) 

4 


(2) 

0 


(3) 

-4 


(4) 

4 


(5) 

0 


(6) 
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Table B-1. Concluded. 


Variable 


Name 

Value 

Definition 

TRIX(l) 

0 

five sets of x, y coordinates needed to draw 

(2) 

-4 

aircraft symbols on CRT 

(3) 

8 


(4) 

-4 


(5) 

0 


TRIY(l) 

0 


(2) 

4 


(3) 

0 


(4) 

-4 


(5) 

0 


VECERR 

3. 

amount of heading error permissible without recal- 
culating vector heading 

VECSD 

2 

standard deviation for vectors 

XA(1) 

6.0 

north-south coordinate of sequencing point on 
northern downwind segment 

XA(2) 

-6.0 

north-south coordinate of sequencing point on 
southern downwind segment 

XC(1) 

6.0 

north-south coordinate of final point for turnoff 
from northern downwind segment 

XC(2) 

-6.0 

north-south coordinate of final point for turnoff 
from southern downwind segment 

XDILS(l) 

5.20 

distance between the ILS gate and the runway 9L 
touchdown point 

XDILS(2) 

4.97 

distance between the ILS gate and the runway 9R 
touchdown point 

XDIST(l) 

3.55 

east-west distance in n mi between ILS gate and 
sequencing fix for arrivals from the north 

XDIST(2) 

2.55 

east-west distance in n mi between ILS gate and 
sequencing fix for arrivals from the south 

XFINAL(l) 

.79 

north-south coordinates of base leg intersection 
with 2 ° north of the ILS for runway 9L 

XFINAL(2) 

-1.67 

north-south coordinates of base leg intersection 
with 2 ° south of the ILS for runway 9R 

YA(1) 

-9.0 

east-west coordinate of sequencing point on northern 
downwind segment 

YA(2) 

-9.0 

east-west coordinate of sequencing point on southern 
downwind segment 

YC(1) 

-23.0 

east-west coordinate of final point for turnoff 
from northern downwind segment 

YC(2) 

-24.4 

east-west coordinate of final point for turnoff 
from southern downwind segment 

ZCON 

.0001 

scale factor for the DAC output of the altitude 


for the pseudo-cockpit 
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Preceding page blank 

APPENDIX C 

Input Data for the Traffic Sample Generation Program 


This appendix contains data sheets used to define inputs to the 
tra'ffic sample generation program. The data sheets are filled out 
with information currently being used to generate traffic samples 
with varying hourly operation rates. 

A master traffic sample data sheet is also shown on page 
which is used if it is desired to use scheduled traffic for the traffic 
sample. Data on this sheet is output from the traffic sample generation 
program. 
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TRAFFIC GENERATOR— AIRCRAFT INITIAL CONDITIONS 
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TRAFFIC GENERATION-ROUTE STARTING CONDITIONS 














































































TRAFFIC GENERATION--MISC. CONSTANTS AND ROUTE, TYPE PROBABILITIES 
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APPENDIX D 

Subroutine Descriptions 


This appendix contains a brief description of the function of each 
of the subroutines developed for the program. In addition to the 
subroutines described herein, numerous system-supplied subroutines 
are used. These subroutines are defined in documentation of the 
Langley Research Center computer complex. 
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imni 


SUBROUTINE DESCRIPTIONS 


OVERLAY 

NAME * 

FUNCTION 

0,0 

TAATM 

Overlay 0,0 that sets up common resident core 
storage needed by all other overlays — calls a 
system routine that loads in the next overlay. 


PAKSPL 

(Special Pack) 

Packs one or several variables into one computer 
core word based on a table of the variables’ 
attributes. 


UPKSPL 

(Special Unpack) 

Unpacks from one computer core word one or 
several variables based on a table of the 
variables' attributes. 


ISHFTE 

COMPASS routine that performs right shift with 
sign extension. 


PAKUNI 

(Uniform Pack) 

Packs one or more variables, of uniform attributes 
into one or more contiguous computer core words . 


UPKUNI 

(Uniform Unpack) 

Unpacks one variable from a linear array of con- 
tiguous computer core words which contains 
several variables with uniform attributes. 


LSHFT 

COMPASS routine that performs left circular 
shift. 

1,0 

TATINT 

Reads in data in non-real-time. 


INIT 

Initializes variables and sets constants. 

2,0 

TATPRNT 

Writes various arrays, e.g. active traffic, on 
tape and on printer. 

3,0 

TATREAD 

Reads in additional traffic data. 

4,0 

TATMAIN 

Jumping off and return to point. Main program of 
overlay Number 4. 

4,1 

TATREST 

Reset Section - Performs initialization of simula- 
tion and reset after simulation has been started. 

4,2 

TATHOLD 

Hold Section - Develops CRT static display of 
routes, range markers (rings), runways, and 
controller message headers. 


MAKTAPE 

Rewinds the CRT file and copies to a tape for 
later batch processing with a program to plot the 
CRT display on the CALCOMP plotter. 


DASHCIR 

Plots a circular range marker of a desired radius 
on the CRT screen. 
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V1V12 

Page 2 


OVERLAY 

4,3 


NAME 

TATOPER 

TRACKAC 


RANDU 

COMMUN 

CNTRLAC 

ETACOMP 


CONCHK 


SPDCNTR 


COMETA 


FUNCTION 


Operate Section - Updates scan and frame 
counters. Calls routines for tracking, com- 
munications, controller actions, and CRT displays. 

Track Aircraft - Solves aircraft dynamics - in- 
troduces path errors - deletes aircraft which 
have left the terminal area or which have landed 
- checks whether controller action point has been 
passed. Updates active schedule upon meeting 
objectives for a particular schedule segment, 
e.g. has "made good" a range from a Nav. site 
objective. Updates aircraft position. 

Computes uniformly distributed random real 
numbers between 0 and 1.0. 

Communication Channels Simulation - Adds aircraft 
to controller action arrays from departure" and 
arrival queues. Delivers messages. Modifies 
schedules according to message contents. Adds 
clearances for conflict-free segments. 

Control Aircraft - Deals with specific controller 
actions needed, e.g. arrival, departure, hand-off, 
airspace conflict, general conflict, sequencing 
actions. Uses options available for the particular 
controller action point to resolve traffic conflicts. 

Estimated Time of Arrival Computation - ETA at a 
point or, based on a switch, the ETA at a separa- 
tion distance from the point. Takes into consider- 
ation altitude and speed changes. Also returns 
earliest and latest ETAs based on when speed 
change occurs. 

Conflict Check. Does the actual checking for any 
conflicts based on arrival times calculated for 
a particular option. Returns binary switch 
set for conflict/no conflict. 

Speed Control - Computes whether a change of speed, 
and when to apply the change, will yield a con- 
flict-free ETA envelope at a checkpoint, i.e, a 
slot in the ETA. Passing another aircraft may be 
allowed under some conditions . 

Compute Estimated Time of Arrival based on speed 
and distance. 


CRTDSPL CRT Display - Drives display routines to display 

for each aircraft in active traffic an aircraft 
S 3 nnbol, legend box associated with the aircraft, 
two past position markers, hand-off or hold infor- 
mation, and controller messages. Static display of 
routes, etc., is background information. 
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OVERLAY 


NAME 


V1V12 

Page 3 


FUNCTION 


4.3 


XFORM 


Performs relative coordinate transformation. 



APPENDIX E 


Definitions of Variables for the Terminal Area Simulation Model 


This appendix contains a complete list of variables used in the model. 
For each variable, a definition, its dimension(s) , aliases assigned for 
programming convenience by FOPvTRAIJ-equivalence statements, and a list of 
routines in which each variable is used are included when applicable. 
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ALT0PT(I,J,K) (3,6,2) CNTRLAC ,TATINT see input data 

ALTSKD(I) (9) CNTRLAC, TATINT see input data 



Table E-1. Continued 


c 

o 

•H 

4J 

•H 

■H 

<U 

Q 


C 

O 

•H 



4 J ( 1 ) 

O ^ 

u 


CO 







0 ) -U 

cu 


•H 




T 3 



CO 

nd 






d 



U 4 -( 

cl 


U 




d 



<u o 

;3 


4-4 




o 



u 



Cd 




u 



a bO 



u 




00 



•H CU 

M -4 


o 




4-5 



tH 

Cd 


M 




O 



M-l 

P 


•H 




cd 

H 


O iH 

o 


cd 





pei 


CO 

M 







O 


0 ) a 

•H 


d 




p 



r -4 •H 

cd 


cd 




o 

d 


00 4-4 

C 



4 J 




44 

o 


cd (U 

cd 


Cd 




d 

cd 





43 




o 

0 ) 


0 ) 4 J 

u 


4-4 




•H 

p 



Q 






P 

cd 


•P 43 

44 


1— 1 







U 



Cd 

4 -i 



d 

1 — i 


M *H 

d 


•H 

O 



•H 

cd 


o ^ 

u 


T 3 

<U 



44 

d 


4-4 

(U 


Cd 

CO 



CU 

•H 


00 

4-4 


u 

U 



'd 

6 


T 3 0 ) 

4 J 



<U 

Cd 

Cd 


p 


CU iH 

cd d 


cd 


•P 

p 

CU 

(U 


CO 

o« o 



d 

Cd 

cd 

p 

p 


ZS CU 

•H 


44 

•H 


'd 

d 



CO 

00 4 J 


4-4 




o 

44 


>» cd 

d cd 


o 

O 

p 

p 

p 

O 


P 43 

•H M 

Vi 


4 J 

d 

d 



O* 

Cd 

O (U 

CO 

CO 


p. 

p« 

44 



U (U 

d ^ 

K 

(U 

00 

d 

d 

O 

Cd 

w 

O 43 

(U «H 

O 

cu 

d 

•H 

•H 




eu 4-1 

d CO 


u 

•H 



P 

P4 

0) 

d 

cr d 

a 

00 


(U 

0) 

P 

CO 

<u 

0) M-4 

cu o 

(U 

CU 

U 

CU 

CU 

cd 

•H 

CO 

+J o 

CO o 

4 J 

TJ 

4-4 

CO 

CO 

&T3 


X! 

X 

XJ 

X! 

X! 

X! 

Xi 

X 

X 

X 

X 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 


Pj 

Pi 

Pd 


Pd 



c4 


X 



< 

c 


<3 




< 

c 


CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

Cd 

cd 

cd 

cd 

cd 

cd 

cd 

cd 

cd 

cd 

cd 

CU 

cu 

<u 

0) 

cu 

cu 

cu 


CU 

0) 

cu 

a 

B 

a 

a 

a 

a 

a 

a 

a 

a 

a 

cd 

cd 

cd 

cd 

cd 

cd 

cd 

cd 

cd 

cd 

cd 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 


43 


a 

T3 

*H 

CU 

r1 

CO 

3 

P 

d 

CO 

•H 

•H 

CO 

CU 

(U 

rH 

d 

43 

•H 

Cd 

P 

•H 

d 

P 

o 

Cd 

pa 

> 


to 

a 

o 

•H 

CO 

ts 

<u 

a 

•H 

o 


CO 

cu 

CO 

cO 


<! 


<■ 


rH n 


w w 
to to 
O' O 
w w 

CO CO 


H 

z 

H 


H 

Z 

M 


H H 


u 

u 

u 

u 

CJ 

Q 

P 

Q 

Q 

P 

P 

P 

P 

P 

P 

P 

P 

<! 

<3 

< 

<3 

<3 


P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

J 


X 



O 

O 

O 

O 

Q 

O 

O 

O 

O 

O 

O 

O 

s 

K 

u 

B 

s 

tc 

Z 

Z 

Z 

Z 

z 

z 

z 

z 

z 

z 

z 

H 

H 

<3 

H 

H 

H 

H 

H ' 

H 

H 

H 

H 

H 

H 

H 

H 

H 

z 

z 


Z 

5 z; 

<3 

<3 

<3 

<3 

<3 

<3 

<3 

<3 

< 

<3 

<3 

<3 

a 

u 

H 

u 


H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 


<U 

I 

z 


o 


w 

ij 

CJ> 






XI 


X 

. 

X 


X 


X 

CH 

pa 

< 

(N 

% 

CO 

pa 

< 

CO 

pa 

< 

-d* 

m 

lO 



171 



’O 

(U 

3 

3 


3 

O 

O 


I 

u 


d 

H 



0) 

M-i 

p. 


P 

G 

G 

3 

G 

u 

CO 

U 


CO 

Cd 


P 

P 

Cd 


P< 


C 

U 

iH 

3 


u 

3 

o 

O 

P« 

•H 


G 

o 

•H 

G 

o 

X! 

4J 


V 

P 

CO 

CO 

>p 

G 

G 

G 


•H 

a 


3 

p 

P 

u 

G 

O 

G 



G 

•U 

cd 

OJ 

P 

3 

3 

•H 

T3 



U 

G 

43 

•H 

0) 

> 


o 

o 

Cd 


00 

G 

G 

•H 

4-1 



•H 

W 

a 

3 


G 

3 


fH 



•H 


4J 

V 



G 

43 

p 

•H 

G 

4J 

4J 

M-l 

o 

O 

3 

3 

P 

43 


3 

G 

G 


G 

0) 

M-f 

Cd 

,P 

4= 

3 

iJ 

1-H 

3 


•H 

G 


Q 



a 

P 

x: 


G 

P 

M 

4J 

CO 

t>^ 


CO 

c 

3 


p 


> 

60 


Vi 

G 

4-> 



•rl 

3 

P 

o 

•H 

G 

3 

U 

G 


(X 


■3 


O 

T3 

P 

G 


G 

5 

33 

c 

G 

•H 

•H 

G 

G 

G 

fH 

a 

43 

•H 

G 

V) 

•H 

;3 

U 

q 

G 


> 


ca 

3 

o 

•H 

CO 

3 

§ 

•H 

a 


a) 

a 

cd 

25 


”3 

<U 

3 

00 

•H 

CO 

CO 

cfl 


3 

0) o 

a *H 

bO M-l 


I 

k >-l CO 
•H cd *H 
cd .H ^ 
3 *J 
M O 
•H <U 
^ CO 

cd Vj 3 

r— I Cd 

P- 3 
cd 

cd cj 


3 

o 


4J 

cd 


M 

0) 


a CU 

a CO 

OJ 3 
CO o 

•rt *J 
01 CO 


> 4-1 

cd 

p 

u 

l-i (U 
•H 

cd 4-4 

>-) l-l 
0) 

P T3 
O 3 
<4-1 3 

^ ”3 
3 


3 

H XS 
0) u ai 
XI X! 


O -H fH 

3 3 

cd t>^ > 
rH 3 
*•» 3 >H 
H O 
3 3 

H 3 T3 
H CJ 3 
0 3 4-4 
Pi iH 


>-) »-l 
3 

I-i ”3 I 
0 3 3 
>w 3 3 


3 


T3 — 
4-4 C I-i 
3 3 3 

P. iH 
3 <-l 
U O 
3 M 

>4-4 a, 4J 

owe 

Vi O 
TJ -H a 
3 3 
3 M 


X 


3 

O 3 
"3 
3 3 

CJ 4-4 

3 -iH 
P. 4J 
W iH 
Vi 3 
•H 

3 3 
x: 

W 4J 
•H 

J3 4J 
4J 3 


3 

P 

CJ 

V4 


J3 

a 

3 

3 





3 P 

P 

*0 

G 

X 


X 

X X 

X 

P. P 

H 

a 


P 3 

4-1 

iH 

fH iH 

fH 

W 3 


d 

• *t 

3 T3 

G 


0^ PS 


P 

H 


M 

O 3 



^ c 

< 

T3 O 

44 


G 

P 

G 




3 P 

G 

q 

fH 

3 P 

G 

G 

CO w 

G 

P P 

Vi 

G 

fH 

O P 

T3 

G 

3 3 

G 

3 3 

G 


O 

3 P 

3 




03 

U 

G 

Vi 

P. 3 

4J 

9i 

3 3 

G 

3 43 

•H 

G 

4J 

W 

«H 


a a 

n 

43 a 

G 

G 

(3 

P 3 

U 

G 

3 3 

G 

O 3 


04 

O 

P 43 

fH 

G 

W W 

G 

W 3 


G 

G 

3 P 

G 


3 P. 3 a 3 


4-4 3 3 0 

>4-1 P 

O 3 


3 3 W 


W 

•H O 


<-1 3 


3 

U W 
3 3 
P. Vi 
4-4 VI w iH 
3 3 V4 w 
O O -iH 3 
O O 3 ”3 


O 

Vi 


4-1 

P4 

CO 

P 

u 


Q 

P 

§ 

H 


Q 

P 

S 

H 


Q 

P 

§ 

H 


P 

P 

§ 

H 


>n 

CO 


< 

o 


m 

«% 

sr 


O 

u 

CJ 

1 CJ 

i ^ 

< 

< 

<i: 

! u 

1 <5 

H 

H 

tH 


IZ 


i 2 

CJ 

u 

CJ H 


m 

•» 


m 

'4- 


VO 

CM 


CO 


0) 

4J 


G 

V4 

3 3 


p 



G 

G 

C 

G 

a w 

4-1 G 

o 



G 

44 

•H 

fH 

P 3 

04 G 

p 



•H 

G 

0 

0 

p 

a 0 




•G 

G 

Vi 

G 

P 3 

G 

3 



Vl 

•H 

G 

•H 

3 3 

O 

O 



O ’ 

G 

4-1 


p. CJ 

G U 

P 


Vl 

o 

Vl 


Vi 


•H 

P 


G 

G 

o 

G 

G 

3 p 

G 

3 




o 

43 

O* 

3 

G G 

a 



43 

G 

4-1 


P P 

G Vi 

p 

G 

0 

44 



G 

O P 

G *H 

O 

•H 

0 

0 

44 

4-1 


O 

O* G 

P 

44 


o 

G 

G 

G 

P P 

G G 

3 

CH 

Q 

G 

G 


•H 

O P 

Vi 'D 

P 

G 

H 

1 


G 


P 3 

*H 


Vl 


43 

i 

G 

4-t 

P O 

G G 

60 

44 

44 

44 

44 

T3 

44 

3 CJ 

43 

3 


44 

M 

G 

G 

G 

o 

G 

p 

G 

G 

o 

G 

•VI 

Vi 

CJ P 

43 iH 

M 

> 

Vl 

G 

G 

•H 

G 

3 

44 0) 

a 

•H 

G 



4J 

Vi 

3 43 

> 

3 

44 

U 

1 

1 

tH 

■H 

43 P 

44 G 

P 

G 

•H 



G 

G 

P O 

•H iH 

P 

G 

G 







H 


0» 

U 

a 





CO 


hj 


<jj 







Ph 







2 


CO 

u 






H 


Q 


<5 





< 


H 

2 

pa 





H 


05 

H 

H 





9i 


u 


A 


PU 


a u 

p ^ 
K CJ 
H <ti 
IZ fZ 
CJ H 


>n 

CO 


fH 


a a 


><! >4 

00 00 
05 P>5 

<! •<! 


P 

P4 

CO 

X 

CO 

<; 




/— s 

G 

G 

G 



A 

H 

M 

H 

V— 

'S-X 

Nw-* 

fH 

CM 

CO 

pa 

pa 

pa 

CJ 

CJ 

u 


< 

C 

P4 

Oi 

P4 

cn 

w 

c/3 

< 


< 


p 

G 

P 

>0 3 

II 

P J3 

G 

v-x U 
pec P 

44 

^ P 

44 

G 

H O 

U 

«j3 p 

G 


p 

Ph 


CO CO 
p p 

PS pS 
U CJ 

U CJ 
<! < 


H 

2; 

o 


lO >o 
CO CO 


G 


G 



«« 

M 


✓-S 


H 


G 

G 

G 

s_x 

G 

'w' 

s-x 

s-x 


P4 

ptJ 

CM 

cn 

2 

i 




H 

H 

H 



<J 

c 

<? 

H 

H 

H 

p 

H 


<3 


CS| CO 


172 



CO 

C 

o 

•H 

CO 

C 

0) 

a 

Q 


CO 

0) 

CO 

ccJ 

•H 


a 

CCJ 

2 


CO 

c 

CQ 

o 


o 

4J 

a 

o 

o 

CO 

3 

iH 

04 










CO 



o 

u 


O 
















3 

3 

3 


rH 







3 







3 

✓-N 

O 

CO 

CO 

o 








O 







•fH 

CM 

vH 

•"•v. 


3 

CO 







•H 








V-X 

50 

•H 

•H 

CO 

3 







•U 








rH 

3 

a 

a 


a 







'H 








3 

Ml 



Ml 








3 







Ml 

> 


s5 

3 

4-1 

Ml 







•H 







3 

•H 

y— S 


Sw/ 

N-X 








4-4 







3 

U 

CM 




3 







<D 








U 

•s— «' 

X 


N 

•3 


50 





Q 

/— s 



CO 

/T-s 


4-1 

3 





O 


3 






U 

/— N 


CO 

CM 


O 


4-i 

3 

3 

3 

a 


rH 






4-1 

o 


3 

V—/ 




3 

•H 

•H 

•H 









Nw' 

3 


rH 

•U 


3 

O 

O 




Ml 


Ml 







CO 

/-s 

O 

3 


a 


CO 

>> 

X* 


rC 



•H 

•H 




3 


PO 


T-) 

P- 

4 *H 



Ml 

Ml 

Ml 

50 


50 

a 

a 

x-\ 




•H 

3 

3 


3 -U 

rH 

Ml 

*H 

•H 

•H 

*H 


•H 



Ml 



3 

a 

*3 

O 


j: 



o 

O 

U 

O 

rH 

3 

fH 

3 

3 

4-1 



■u 


N—/ 

3 

o 

e T3 

3 


O 

O 

O 

4-1 


4-4 

s-x 

*'w' 

V-X 



•H 

3 


3 



1 01 

Ml 


rH 

rH 

rH 


O 







4J 

V—/ 

PO 

a 


C 

4 rH 

3 

rH 

3 

3 

3 

Ml 

a 

Ml 

X 


N 



rH 


3 

u 

rH 


3 

4-> 


> 

> 

> 

3 


3 






3 



O 

V— ✓ 

(U T3 

Ml 

rC 




3 

Ml 

3 

Ml 

Ml 

u 




3 

-3 

4-1 

04 

4- 

1 (U 

3 

Ml 

1 

1 

1 

Ml 

3 

U 

3 

3 

3 



1 

3 

3 

Vl 

o 


» ^ 

o« 

Ml 




U 

*H 

u 

TJ 

T3 

•3 

• 



a 

3 

3 

u 

C 

1 o 

3 

O 

X! 

>-* 

^3 

3 

O 

3 

3 

3 

3 

0) 


N 

CO 


3* 

04 

»- 

4 CO 

'3 

3 

> 

> 

> 

O 

a 

O 

Ml 

Ml 

Ml 

3 

3 




a 

CJ 









CJ 






•H 


h3 


<j 

<j 









<2 






4J 


Pl4 

P4 

















3 

X! 

C/5 

CO 

CJ 

a 









CJ 






O 

O '3 

Q 

P 

<3 

< 









< 






u 

•H <U 

H 

H 


w 
















i3 CO 

0^ 


H 

H 









H 







5 3) 

a 

u 


A 









•k 






• 


A 

A 

hj 

hJ 

u 

CJ 


CJ 

U 




P 


o 

CJ 

0 

CJ 

rH 

3 CO 


a 

fa 

fa 


< 


<3 

<5 




PM 


<2 

<2 

< 

<2 

1 

•H *H 

s 

p3 

M 

1/1 









C/D 


2 

2 

2 

2 

PLI 



s 

Q 

P 

CJ 

u 


CJ 

CJ 




P 


CJ 

CJ 

CJ 

CJ 


CO 0) 

Is 


H 

H 


<; 



< 




H 


<J 

<2 

<5 

<2 

<u 

<U iH 

o 

o 

fa 

fa 


a 


K 

K 




Cd 


2 

2 

2 

2 

1— 1 

3 ^ 

u 

c^ 

a 

U 

H 



H 

H 




CJ 


H 

H 

H 

H 


•H 3 

M 

A 

<% 

•« 


#« 

«v 

«\ 




m, 




•« 

A 

3 

4J «H 

u u 

U O 

u 

U 

CJ 

u 

1 CJ 

CJ 

CJ 




CJ 


CJ 

0 

CJ 

CJ 

H 

3 

O 3 



<J 

H 

<3 

P 


< 

p 


<3 

C 




<2 

P 


<C 

hJ 

<2 

i-j 

<2 

<2 

uJ 


pel > 

fa u 

fa u 

fa 

fa 

fa 

fa 

! CJ 

s 

S 






P 1 C 4 

2 

2 

2 



t! ^ 

fc: ^ 

H 

H 

H 

H <3 

H 

H 




H 


H 

H 

H 

H 



a fa 

a fa 

a 

a 

a 

s: 


IS 

IS 







a 




1 

U H 

U H 

u 

u 

CJ 

CJ 

H 

CJ 

CJ 




CJ 


CJ 

CJ 

CJ 

CJ 


m 

cn 


in 

rn 


m m 

CO CO 


m 


H 


m 


VO 

Pm 


H 


w H 
Pm Pm 


m 

CO 


CO 
M •* 


m 

CO 


m 

CO 


m 

CO 


m 

CO 


m 

CO 


m 

CO 


m in m 

CO CO CO 


00 ^ o\ ^ O 

p£i Px4 Pm Pm H Pm 

^ ^ ^ ^ o2 ^ 

H H H H H H 


<! <! 

M l-l 


<! <! 

M M 


rH pL| 

H H 

< < 


00 


o> 


^ M 
<s| ^ 
rW fa 

fa <fi 
Pi fa 
H H 


CN 


vO 
x-N rH 
hH •» 

x^ 

x~N rH 
M 

x-s 

X-N 

x~\ 

w M 

H 

M 

M 

M 

»,£> S— X 


NwX 

N-X 

S-X 

rH Pm 

rH Pm 

CO 

o> 

0 

Pm 

Pm <2 

rH 

rH 

CM 

2 

C4 2 

Pm 

Pm 

Pm 


H H 

P!a 


2 

<2 <a2 

<2 <2 

H 

H 

H 

H H 

H H 

<2 

<2 

<2 


CO 


00 . o> O 

rH T— f CS| 


173 


I 


Ai • r>j j Routines in Which 

Name Aliases Dimensions „ j ■ xt j Definition 

Variable is Used 

21 IATRF2KD (35) CNTRLAC , COMMON , TRACKAC current path; packed word 

IATRAF(I,21) 


bO 

C 

•H 


<U 


CO 

<u 

u 

c 

cd 

Vi 

cfl 

<U 


x: 

bO 


VI 

C 

(U 

V4 

v« 

3 

o 


















Vl 

d 
















PO 

Vi 

d 

43 
















d 

d 

N 

VI 
















tH 

43 

•H 


















CO VI 

H 

0 
















d 

d 

d 

4J 
















CO 

rH d 

a 





p2 











T3 

d 

a c3 

o 

VI 




H 











C 


•H 

rH 

d 















9 


d tH 






a 











o 


CO 

d 

0 




M 











Vl 

M-l 

Vl d 

X3 





'w' 











bO 

o 

d 

VI 






VI 











1 

o B 


u-l 




VI 

U-t 










o 

0 

o o 

*V| 

IH 



T> 

04 

s-^ 










cd H 

u 

u 

O 

0 



0) 

•H 











X3 Pi 

0 

V4 MH 


1 



> 

Vi 

CO 










o 

VI 

d 

Vl 

d 



•H 

a 

d 










Vl 


N d 

o 

Vl 



(U 

CO 











o c 


•H CO 

VI 

d 



O 


d 










4-1 O 

o 

iH M 

o 

Vi 



0) 

d 

VI 












d d 

d 



'd 

U 

CO 

W 










C cd 

d 

o o 

CO 

VI 


u 



d 










O (U 

a 

o o 

•H 

CO 


o 

CO 

d 

a 










•H Vl 

•H 

«H 

43 

d 


> 

0) 

o 

d 










VJ cd 

VI 

Vl 


*H 



a 

•H 

'd 










•H 


43 d 

Vl 

rH 



d 

VI 











a iH 

B 

VI N 

d 

u 


d 

d 

a 

Vl 










•H cd 

o 

♦H «H 

iH 

d 



Vi 

d 

o 










4-1 c 

u 

15 «H 

d 

d 

1 

o 

d 


«VI 










(U -H 

M-l 

d 

CJ 


cd 

<u 

Vi 











TJ B 


d o 

•H 

d 


04 

iH 

d 

VI 










Vl 

rj 

o o 

'd 

43 



O 

fH 











(U 01 


•H iH 

d 

VI 

! 

••k 


iH 

B 










VI VI 

O 

VI 

d 





O 

•H 










3 

rH 

o d 

a. & 


u 

.u 

Vl 

rH 










O 4-1 


d o 

Vl 

0 

1 

d 

d 

VI 




(£4 



pAi 

Pt4 


|V4 

Vl O 


CO 

d 

u 

! 

04 

cv 

d 

d 



< 



< 

< 


< 


d 

Vl d 

CVIVI 

d 1 



o 


n 

od 

K 

pd 

pd 

K 

pd 


« 

4-1 >x 

O 

d o 



VI 

0) 

0) 

o 

d 

H 

H 

H 

H 

H 

H 

H 

H 

H 

o cd 

d 

•VI d 

d 

d 

d 

VI 

Vi 


Vl 

<! 


C 

<3 

< 

< 

< 

<3 

< 

fH 

d 

d d 

43 

CO 

PO 

d 

d 

VI 











Vl o* 

VI 

•H VI 

VI 

Vl 

4J 

VI 

X 

VI 

d 

d 

d 

d 

d 

0) 

d 

d 

0) 

Vl CO 

CO 

CO 


d 

c/3 1 

d 

d 

0) 

fH 

d 

d 

d 

d 

d 

0) 

d 

d 

0) 

d *H 

•H 

O -H 

CO 

o 

iH i 

M-l 

4H 

d 

d 

d 

CO 

(0 

CO 

CO 

CO 

CO 

CO 

CO 

CV TJ 


Vl T3 

•H 

o 

H \ 


I 

o 


u 

Q 


u 



I 

I 


Q 

*-) 

§ 

H 


O 

<J 




H 

Z 

u 


CN 
. CN 


cn 

/— N CNj 

•4- 

Cv| 

N CN 






y-N 

y-N 

00 

Ov 

y^ 

O 

y-N 

vO 

M « 

M •» 

M 

/•— s 

CM 

CO 


m 

VO 



CNI 

«k 

CN 

w M 

^ H 

^ M 

M 

•k 


A 


•k 

•k 

«k 

•k 

CO ^ 


m 

N—' 

M 

M 

M 

H 

H 

M 

M 

M 

IH 



CN 

CO 

'4- 

m 

VO 



CN 

CN 

CN 

CN 

CN 


y~\ 






M 

M 






N-y 

s-y 






CN 

cn 







< 






H 

H 






<3 

<3 


y— s 

y~\ 

y~\ 

y"N 

y-N 

y-\ 

y~s 



M 

M 

H 

H 

H 

M 

M 

>* 

>* 

s-y 

s«y 

N-y 

s-y 

N— y 

N-y 

s-y 

iH 

00 


m 

VO 

CO 

OV 

O 

VO 

<3 

<3 




rH 

rH 

CN 

CN 


O 





Pm 

Pm 

PM 

«k 

VI 

W 



S 

P^ 

P^ 

S 


X 

H 


H 

H 

H 

H 

H 

rH 

00 

<a3 

<3 

<3 

<i3 

<3 

<3 

-a: 

<J 

<3 


174 


TJ 

0) 

3 


c: 

•H 

4^ 

0) 

Q 


CO 

C 

o 

CO 

C 


CO 

0) 

CO 

cd 

•H 


( 1 ) 

a 

cd 

!25 



o 


cd 




d) 

CJ 


rH 




cc 



d 




cd 

•H 

fH 

a 


9 J 


Cl 

a 

Cd 



e 



> 

44 


•H 


o 

CJ 

•H 

Cl 

cd 

44 


4-1 


Cl 

cd 





d) 

Cl 

Pl- 

CO 

0) 


0) 

1— 1 

cd 


cd 



rH 

cd 


ed 


44 


•H 

o 

44 


'TJ 



44 

CO 

o 

44 

Q) 

00 





cd 

CO 

CJ 


H 

o 

dJ 


3 

•H 


pcJ 

4J 

a 

iH 


44 

Cl 

U 


•H 

cd 


Cd 

CJ 



44 

> 

44 

a 

•H 

oo 

d) 


•H 

CJ 

•H 

O 

CJ 

CO 

rH 

u 

•H 

44 

PC 


M 

O 

4-i 

00 

G 

iH 

T3 

cd 

d) 

cl 

T 3 Cd 
<U CJ 
CO 
CJ 

(U c 


CO 

cd 4-1 
4-1 
T> Cd 


u 
o 
u 

•H 
Q) Cd 


4-1 

Cd 

u 

a 

cd *H 
Q> Cd 


cd 


o 

u 

u 

4-1 

Cd 

u 

H CJ 
00 U 
C 


0) 


CD 
T3 -H 
CJ ^ 
Cd 4-1 


tH > 


CJ 

(0 cd cd 


cd 
C 
•H 

a Cd 

Cl 

0) 4-4 

o 


0) (U 

00 ,c ^ 


44 TJ 

o c: 


>% 

o 

u 

Cl 

o 

4-1 


U 

Cl 

o 

44 


CJ 44 

Cd o 

CJ 0) 
<u 6 
CD *H 


O CO 
C4 d) 

<J Cl 
H O 
W 44 


u 

> 


Cl 

00 



a 


•H 

o 

•H 

d) 

o 

a 

d) 

a 

a 

44 


o 

OO 


Cl 

•H 

.a 

o 

•H 

44 

a 



44 

•H 

TJ 

4 J 

•f 4 

CO 

a 

a 

> 

cd 


Cd 

cd 


44 

o 

Cl 

Cl 

d) 


00 


d) 

00 

a 

u 

o 

a 

CJ 

CI 

c 

a 

rC 

a 

o 


Cl 



o 

•H 

d) 


•r^ 

o 

a 

•H 

i “4 

d) 



> 

dJ 

iH 


a 

a 


44 

Cd 


s: 

a 


44 


a 

44 

44 

rH 

00 

44 

iH 

0) 



•H 



a 

Cl 

u 


44 


a 

a 


a 


a 

a 



PC 



P. 

a 

•u 

a 


44 

a 

o 


a 


a 

a 

44 

44 

u 

Cl 

44 



a 

a 

44 

a 

44 

a 

•H 

Cl 


a 

44 

44 



a 

PC 44 

a 

a 

o 

o 

a 





O 

•H 




a 


Td 

44 

o 



44 

1 



'O 

44 

Cl 

'O 




o 



o 


01 

4J 



a 

a 


a 

a 

>\ 

a 

fH 



•H 





44 

a 


u 

a 

xs 


W 

44 


44 

a 

a 

a 

tH 

o 

a 

44 


a 

44 

w 

W 

a 


a 

a 


a 

u 

a 

t-q 

a 



4J 

a 


a 

•H 

> 

a 

Cl 


a 


iJ 

a 

a 

•H 

a 

a 



ja 

pq 

pc 

a 

- OO 

a 

44 

a 

44 

•H 

PC 

a 

a 

PC 

M 

M 


> 

a 

x: 

> 

44 

c 

4J 

< 

a 

00 

a 

a 

}4 

a 

o 

O 

Cl 

a 

C4 

a 

a 

< 

<: 

> 


o 

15 


a 

0) 


H 

•H 

a 

•H 

a 

a 

a 

•H 

a 

C4 

•H 

o 

> 

•H 

H 

E-i 


44 

CJ 


44 

na 

(U 




Cl 

rH 


44 


> 

u 

a 


PC *H 





a 



a 


s 

o 

a 

a 

o 

a 

E-! 

44 


a 

u 


a 

a 

oo 

a 

<1) 

OJ 

a 

rH 

a 

a 

tH 


-u 

•H 

a 

a 

44 

u 

aJ 

•H 

a 

u 

Q 

44 

a 

a 


a 

0) 

0) 

a 

a 

x: 

a 

a 

a 

0) 

x: 

CO 

CO 

a 

a 

o 

T3 

a 

PC 

O 

O 

a 

44 

a 

a 

to 

CO 

a 

u 

44 

a 

Cl 

a 

Xi 



c 






H 





•H 






cn 





■P 











fl 

x: 





3 





O 

a 





H 





u 

•H 

a 




<1 







a 




H 







a> 









rH 

a 

a 

u 



§ 

p 3 

p 3 



1 

•H 

•H: 

<ti 



O 

M 



jngi 

H 






CJ 

Pt 

Ph 


2 


a 

a 

o 



<3 

O 

O 


o 

0 ) 

a 

iH 

< 



H 


H 


Ph 

rH 

a 

Xi 

K 



W 

<3 

<3 


><3 

H 3 

•H 

a 

H 




H 

H 



n) 


•H 



Q 

U 


U 


iJ 

H 

a 

V 4 

H 


iJ 

<3 

H 

<d H 


Cl, 


o 

a 

Z 


O 

rJ 

Z 

3 z 

s 

CO 


p :5 

> 

H 

H 

53 

P 3 

M 

CJ M 

2 

Q 




H 


H 

H 

H 

< H 

o 

H 




c 

3 

<3 

Z 

<3 

3 <3 

Pc 

Z 




H 


H 

CJ 

H 

E-I H 

XJ 

a 


vO 
CN 
s— ^ 

w 

PO 

< 

H 


<f CO 

in m 


M 

hJ 

PQ 

< 

H 


1x1 

h 4 


H 

U 

PO 


O 

pq 


M 



M 







'w' 



Q 

q 

1 


hJ 



Pc 


<3 

M 

<3 

1 CO 


O 


pq 

Pc 


H 

►J 

Pd 

1 J 


Pi 



!=) 


pq 

o 

a 

1 M 

2 

z 

o 

o 

pq 

CJ 

u 

u 

(j 

► U 

O 

u 

CJ 

o 


d) 

Cl 


cd CO 


tJ 
I (i) 
cd > 
Cl iH 

dJ o 

T3 CO 


175 
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DELT table ( 16) see TABLE 
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DYl for 1 and 2 scans before current one. Used 

DY2 to portray velocity 

DlX TATHOLD part of the route definition for the back- 

to ground display of the terminal area on 
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1SW3 TATRESTjTRACKAC switch that causes looping until the 

operator has entered on the console the 
aircraft ID number of the aircraft that the 
cockpit Is supposed to follow 
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CNTRLAC,COMMUN,CRTDSPL, scan 
TATINT , TATPRNT , TATREST , 
TATOPER 
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IPACK TATINT temporary for loop index 

IPAPATH CNTRLACjCOMMUN, TATINT see input data — attribute table for packed 

words IATRF21 and IATRF23 
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COMMON , TRACKAC temporary, used as ETA array subscript — in 

COMMON Is specifically subscript of conflict 
checkpoint ETA for this message 

ISOBCK REST0R(14) see RESTOR 

ISOBN REST0R(18) see RESTOR 
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ITEM CNTRLAC,INIT,TATINT, symbolic name for the constant 10 

TRACKAC 
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MODECP TRACKAC temporary for element 5 in TASKED and element 

6 in ISKED. See ISKED packed data 
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TATHOLD switches used for plotting arrival Victor 

through airways displays on CRT 
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NEMG CNTRLAC,TATREST number of aircraft requiring emergency 

(immediate) 360 holding patterns 

NETA(I) (36) CNTRLAC,CONCHK,TATREST, array of counts of aircraft in each ETA array 

TATOPER, SPDCNTR.TRACKAC 
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STEMP CNTRLAC jCOMMUNjCONCHK, time (sec) at beginning of path determineci 

ETACOMP , SPDCNTRjTRACKAC by a previously estimated time of arrival 

(ETA) at that point plus a correction 
factor for errors at an ETA point already 
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IDVERG2 CNTRLACjCOMMUNjCONCHK, pointer to next divergent path available as 

I0PTI0N(5) ETACOMP , SPDCNTR,TRACKAC an option for conflict resolution 

OPTION (5) 
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ETACOMP an additional separation distance added 

for common path calculation for aircraft 
of different speeds 
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SEQUE(I,J) ISEQUE(I,J) (3,16) CNTRLAC contains variables used in the final 

controller sequencing logic. Three aircraft 
are normally in the sequencing queue 
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TETAE CNTRLAC , ETACOMP , SPDCNTR earliest time of arrival at a point for 

aircraft under consideration that can result 
by changing time of applying speed change 

TETAL CNTRLAC , ETACOMP , SPDCNTR same as TETAE but latest time of arrival 
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APPENDIX F 


Description of Packed Computer Words 

In order to minimize core storage requirements where feasible, 
several elements of data are packed into each computer word. This 
appendix defines these packed words and the data elements contained 
in each packed word. Because only integers may be effectively packed, 
attribute tables define scaling factors, number of bits required, 
the element position in the packed word, and the algebraic sign of 
the element. The packed computer words are: 



Packed Array 

Attribute 

Table 

Page 

No. 

lACFPER 

- aircraft error 

_ 

247 

lASKED - active schedule of all current 
and future path segments for each 
aircraft in active traffic 

IPASKED 

248 

lATAS - 

actual time of arrival 

IPTAS 

249 

IATRAF21 - current or future path 
information 

IPAPATH 

250 

IATRAF23 - current or future path 
information 

IPAPATH 

250 

ICHKPT ■ 

- conflict check descriptive array 

IPCHKPT 

251 

ICMSGl ■ 

- current controller message 

- 

252 

ICMGS2 - 

- current controller message 

IPMSG2 

252 

ICMSG3 - 

- current controller message 

IPMSG3 

253 

ICNTRAl 

- controller action point 

IPCNTRl 

255 

ICNTRA2 

- controller action point 

IPCNTR2 

256 

IDROUTE 

- divergent path (route) description 

IPDRT 

257 

lETAl - 

estimated time of arrival array 

IPETAl 

258 

IETA2 - 

estimated time of arrival array 

IPETA2 

259 

lETAS - 

estimated time of arrival 

IPTAS 

260 

lETCOOR 

- ETA location coordinates 

IPETC 

261 

IFCMSGl 

- future controller message 

- 

262 

IFCMSG2 

- future controller message 

IPMSG2 

262 

IFCMSG3 

- future controller message 

IPMSG3 

263 

INAV - navigational aids (ground-based) 

IPNSITE 

264 
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Attribute Page 

Packed Array Table No. 


lOPTN - controller options available IPOPTN 265 

IPERFR - aircraft performance rates - 267 

IPERFS - aircraft performance speeds (kts) - 268 

IPERFT - aircraft performance, seconds to - 269 

lift-off 

IPFTR - aircraft performance, turn rate - 270 

ISDST - length (distance) in n mi of path - 271 

segments 

ISKED - schedule of all path segments used IPSKED 272 

for the various paths making up the 
scheduled routes 

ITRAFl - traffic sample description IPTRAFl 275 

ITRAF2 - traffic sample description IPTRAF2 276 

LIMAC - air traffic flow control descriptor IPLIMAC 277 

NNPATH - flight path (leg) description IPNPATH 279 
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Aircraft Error. lACFPER 


Each aircraft performance class has associated with it a standard 
deviation of heading error parameter. 

Dimension: 3 

Packed words for each entry: 1/10 

Aliases : none 

lACFPER 

(packed 10 elements in each computer word) 

Characteristics of Each Element 

Description: performance parameter, standard deviation of heading error 

Form: X.X 

Max. Value: 63 

Scale Factor: 10 ^ 

Binary Bits: 6 

Packed Computer Word Diagram 

Element I 1| 2| 3| 4| 5| 6| 7| 8| 9|10i 

Bits 6666666666 

Uniform Pack/Unpack routines used; no attribute tables required. 
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Active Schedule of all Current and Future Path Segments for Each Aircraft 
in Active Traffic. TASKED 


Describes the four-dimensional flight plan using both aircraft and 



ground-based navigational techniques. 




Dimension: 35 by 11 

Packed words for each entry: 1 

Aliases: none 





TASKED 






Element 

Number 

Description* 

Form 

Max. 

Value 

Scale 

Factor 

Binary 

Bits 

1. 

Flight navigational mode 
(same as ISKED element) 

XX 

15 

10° 

4 

2. 

Information No. 1 

XXX 

511 

o 

o 

9 

3. 

Information No. 2 

XXX 

511 

10° 

10 

4. 

Altitude in hundreds of feet 

XXX 

511 

O 

1 

ro 

9 

5. 

Control point mode, i.e., 
type of make good conditions 
(same as ISKED element 6) 

XX 

15 

10° 

4 

6. 

Information No . 3 

XXX 

511 

O 

o 

9 

7. 

Information No. 4 

XXXX. 

+16383 

O 

O 

15 

*See tables associated with ISKED 
for details. 

Total 

(no 

Bits Used 
excess) 


60 


Packed Computer Word Diagram 

Element |1| 2 | 3 I 4 |5| 6 | 7 

Bits 4 9 10 9 4 9 15 


Attribute table IP ASKED (dimensioned 4 by 7) describes the packed word 
lASKED. 


Attribute Table for Pack/Unpack Routines 
Element 123456 7 


Length 

4 

9 

10 

9 

4 

9 

15 

Sign 

0 

0 

1 

0 

0 

0 

1 

Scale 

0 

0 

0 

-2 

0 

0 

0 

First 

Shift 


47 

37 

28 

24 

15 

0 
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Actual Time of Arrival. lATAS 


Describes actual time of arrival information for an aircraft at each 
ETA point on its route. 

Dimension: 35 by 2 

Packed words for each entry: 1/4 

Aliases : none 


lATAS 

(packed 4 elements in each computer word) 

Characteristics of Each Element 

Description: Actual time of arrival at each ETA for an aircraft to be 

used for post-processing by comparing with estimated 
time of arrival. Also used as correction factor to keep 
ETA errors from growing along the route 

Form: XXXX (4-sec scans) 

Max. Value: 32767 

Scale Factor: 10° 

Binary Bits: 15 

Packed Computer Word Diagram 

Element | 1 | 2 ] 3 | 4 j 

Bits 15 15 15 15 

Attribute table IPTAS (dimensioned 4 by 4) describes the packed word 
lATAS. 


Attribute Table for Pack/Unpack Routines 
Element 1234 


Length 

15 

15 

15 

15 

Sign 

0 

0 

0 

0 

Scale 

0 

0 

0 

0 

First 

Shift 

45 

30 

15 

0 
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Current (IATRF21) or Future (IATRF23) Path Information. 


IATRF21 describes current path in active traffic array. 
IATRF23 describes future path in active traffic array. 
Both have the same element descriptions. 

Dimension: 35 

Packed words for each entry: 1 

Aliases: none 


IATRF21 

IATRF23 

Element 

Number 

Description 

Form 

Max. 

Value 

Scale 

Factor 

Binary 

Bits 

1. 

Altitude (thousands of ft) at 
beginning end of the path 

XX 

63 

10^ 

6 

2. 

Altitude (thousands of ft) at 
terminal end of the path 

XX 

63 

O 

U> 

6 

3. 

Path number NNPATH 

XXX 

127 

10° 

7 

4. 

Subscript of ETA array at 
beinning end of the path 

XXX 

127 

10° 

7 

5. 

Subscript of ETA array at 
terminal end of the path 

XXX 

127 

10° 

7 



Total Bits Used 
(27 excess) 


33 


Packed Computer Word Diagram 

Element 
Bits 

Attribute table IPAPATH (dimensioned 4 by 5) describes the packed 
words IATRF21 and IATRF23. 



Attribute Table for Pack/Unpack Routines 
Element 1234 5 


Length 

6 

6 

7 

7 

7 

Sign 

0 

0 

0 

0 

0 

Scale 

-3 

-3 

0 

0 

0 

First 

Shift 

27 

21 

14 

7 

0 
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Conflict Check Descriptive Array. ICHKPT 

Describes details of the path where conflict checking is to be done. 
Dimension: 40 

Packed words for each entry: 1 

Aliases: none 

ICHKPT 


Element 

Number 

Description 


Form 

Max. 

Value 

Scale 

Factor 

Binary 

Bits 

1. 

Subscript of ETA array (lETA) 
terminal end of path 

at 

XXX. 

127 

10° 

7 

2. 

Subscript of ETA array (lETA) 
beginning end of path 

at 

XXX. 

127 

10° 

7 

3. 

Separation (n mi) 


XX. X 

127 

10° 

7 

4. 

Common path length (XLA in 
n ml) ahead of ETA 


XX. X 

511 

10"^ 

9 

5. 

Common path length (XLB in 
n mi) behind ETA 


XX. X 

511 

10-1 

9 

6. 

Pointer to airspace conflict 
array (ASPACE) 


XX 

63 

10° 

6 




Total 

(15 

Bits Used 
excess) 


45 

Packed I 

Computer Word Diagram 






Element 

1 Excess 1. 1 1 2 1 

3 

i ^ 

. 1 5 

1 6 1 


Bits 

15 7 7 

7 

9 

9 

6 



Attribute table IPCHKPT (dimensioned 4 by 6) describes the packed 
word ICHKPT. 


Attribute Table for Pack/Unpack Routines 


Element 123 4 5 6 


Length 

7 

7 

1 

7 

9 

9 

6 

Sign 

0 

0 

0 

0 

0 

0 

Scale 

0 

0 

1 

1 

1 

0 

First 

Shift 

38 

31 

24 

15 

6 

0 
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Current Controller Messages. ICMSGl, ICMSG2, ICMSG3 

Messages ready to be transmitted immediately are in this array for 
each controller. 

Dimensions: 8 by 5 per variable 

Packed words for each message: 2 

(also 1 non-packed word) 

Aliases: none 

ICMSGl 

Non-packed, latest transmit time in 4-second scans. 

ICMSG2 


Element 

Number 

Description 

Form 

Max. 

Value 

Scale 

Factor 

Binary 

Bits 

1. 

Aircraft ID 

XXX 

1023 

10° 

10 

2. 

Total transmit time in 4-second 
scans, i.e., message length 

XX 

15 

10^ 

4 

3. 

Earliest transmit time in 
4-second scans 

XXXX 

32767 

O 

O 

15 

4. 

Number of segment clearances 
being issued 

XX 

15 

O 

O 

4 

5. 

Message type 

XX 

31 

10° 

5 

6. 

Subscript of ETA array 
associated with terminal end of 
path to which message applies 

XXX 

127 

10° 

7 


Total Bits Used 45 

(15 excess) 


Packed Computer Word Diagram 


Element 

Bits 



Attribute table XPMSG2 (dimensioned 4 by 6) describes the packed word 
ICMSG2 . 


Attribute Table for Pack/Unpack Routines 
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ICMSG3 


Element 

Number 

Description 

Form 

Max. 

Value 

1. 

Information No. 1 (altitude in 
hundreds of feet, or speed in 
knots, or + heading in degrees, 
or intersection ID, i.e., outer 
fix) (altitude must be scaled 
in calling routine) 

+XXX 

±511 


Scale Binary 

Factor Bits 


10 " 


13 


2. Information No. 2 (altitude in 

hundreds of feet, or speed in 
knots) (altitude must be scaled 

in calling routine) XXX 511 10 9 


3. 


Information No. 3 (altitude in 

hundreds of feet) XXX 511 


10 


9 


Total Bits Used 31 

(29 excess) 


Packed Computer Word Diagram 


Element 

Bits 


Excess 

29 


1 I 2 I 3 
13 9 9 


Attribute table IPMSG3 (dimensioned 4 by 3) describes the packed word 
ICMSG3. 


Attribute Table for Pack/Unpack Routines 
Element 1 2 3 


Length 

13 

9 

9 

Sign 

1 

0 

0 

Scale 

0 

0 

-2 

First 

Shift 

18 



9 

0 
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Controller Action Points. ICNTRAl, ICNTRA2 

Describes each place where controller action is desired. Types of 
controller action included in the program are: 


1. 

Arrival 

2. 

Departure 

3. 

General Conflict 

4. 

Sequencing 

5. 

No-conflict-check, but compute ETA 

6. 

Pop-up 

7. 

Re-check action on present path 

8 . 

Hand-off to another controller 

9. 

Register aircraft in airspace conflict 
array (ASPACE) 

10. 

Remove aircraft from airspace conflict 
array (ASPACE) 

11. 

Compute new vector to checkpoint. 

Dimensions: 

85 by 2 per controller action point 

Packed words 

for each entry: 2 


Aliases : none 
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ICNTRAl (i) 


Element 

Number 

Description 

Form 

Max. 

Value 

Scale 

Factor 

Binary 

Bits 

1. 

Type of controller action to 
be done 

XX. 

31 

10° 

5 

2. 

X coordinate (n mi North) 

+XX.XX 

+8191 

10“^ 

14 

3. 

y coordinate (n ml East) 

+XX.XX 

+8191 

o 

\ 

14 

4. 

Pointer to ICHKPT (conflict 
check) array 

XXX. 

127 

10° 

7 

5. 

Pointer to lOPTN (option) 
array or to ASPACE (air- 
space) array if controller 
action is type 9 or 10 

XXX. 

127 

o 

O 

7 

6. 

Pointer to next controller 
action subscript 

XXX. 

127 

o 

O 

7 

7. 

Nominal heading 

XX. 

63 

10° 

6 


Total Bits Used 60 

(No excess) 


Packed Computer Word Diagram 


Element | 1 | 2 | 3 | 4 | 5 I 6 1 7 | 

Bits 5 14 14 7 7 7 6 


The attribute table IPCNTRl (dimensioned 4 by 7) describes the 
packed word ICNTRAl. 


Attribute Table for Pack/Unpack Routines 


Element 1 2 3 4 5 6 7 


Length 

5 

14 

14 

7 

7 

7 

6 

Sign 

0 

1 

1 

0 

0 

0 

0 

Scale 

0 

2 

2 

0 

0 

0 

0 

First 

Shift 

55 

41 

27 

20 

13 

46 

0 
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ICNTRA2(i) 


Element 



Max. 

Scale 

Binary 

Number 

Description 

Form 

Value 

Factor 

Bits 

1. 

Controller number responsible 






for this action 

XX 

15 

10° 

4 

2. 

Distance (n mi) to ending 






checkpoint from beginning 






checkpoint 

XX. X 

511 

10“^ 

9 



Total 

bits used 


13 



(47 

excess) 



Packed I 

Computer Word Diagram 





Element 

1 Excess 


1 1 1 

2 1 


Bits 

47 


4 

9 



Attribute table IPCNTR2 (dimensioned 4 by 2) describes the packed 
word ICNTRA2. 


Attribute Table for Pack/Unpack Routines 


Element 

1 

2 

Length 

4 

9 

Sign 

0 

0 

Scale 

0 

1 

First 

Shift 

9 

0 
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Divergent Path Description. IDROUTE(i) 

Describes which divergent path to use if option is available. 
(Value of "i" is from 5th element of lOPTN.) 

Dimension: 0 

Packed words for each entry: 1 

Aliases: none 


IDROUTE 

Element 

Number 

Description 

Form 

Max. 

Value 

Scale 

Factor 

Binary 

Bits 

1. 

Subscript for ICHKPT array 

XXX 

127 

10° 

7 

2. 

Subscript for lOPTN array 

XXX 

127 

10° 

7 

3. 

Subscript for ICNTRA array 

XXX 

127 

O 

o 

7 

4. 

Subscript for another divergent 
path in this array if available 

XXX 

127 

o 

O 

7 

5. 

Distance (n mi) between ends of 
this path, l.e., path length 

XXX 

511 

10“^ 

9 



Total Bits Used 
(23 dxcess) 


37 

Packed Computer Word Diagram 





Element 

1 Excess 1 1 1 2 

1 3 

1 4 1 

5 1 


Bits 

23 7 7 

7 

7 

9 



Attribute table IPDRT (dimensioned 4 by 5) describes the packed word 
IDROUTE . 


Attribute Table for Pack/Unpack Routines 
Element 1 2 3 4 5 


Length 

7 

7 

7 

7 

9 

Sign 

0 

0 

0 

0 

0 

Scale 

0 

0 

0 

0 

1 

First 

Shift 

30 

23 

L 

16 

9 

0 
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Estimated Time of Arrival Array. lETAl, IETA2 

Describes information associated with all aircraft scheduled to arrive 
at a point or points associated with this array. 

Dimensions: 36 by 2 per variable 

Packed Words for Each Entry: 2 

Aliases: none 


lETAl 


Element 

Number 

1 . 

2 . 


3. 


Description 

Aircraft ID number 

Time (in sec) estimated for 
arrival over a point associated 
with this ETA array 

Speed (in n mi/sec) over the 
point associated with this 
ETA array 

Controller action number 
which placed aircraft in 
this array 


Form 


XXXX 


Max. 

Value 

1023 


XXX 


127 


Scale 

Factor 

10 “ 


XXXXXX.XX 41943.04 10 


-2 


.XXXXXXX .2097152 10 


-7 


10 ' 


Total Bits Used 
(no excess) 


Packed Computer Word Diagram 

1 I 


Element 

Bits 


Binary 

Bits 

10 


22 


21 


60 


10 


22 


21 


lETAl. 


Attribute table IPETAl (dimensioned 4 by 4) describes the packed word 


Attribute Table for Pack/Unpack Routines 
Element 1 2 3 4 


Length 

10 

22 

21 

7 

Sign 

0 

0 

0 

0 

Scale 

0 

2 

7 

0 

First 

Shift 

50 

28 

7 

0 
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IETA2 


Element 

Number 

Description 

Form 

Max. 

Value 

Scale 

Factor 

Binary 

Bits 

1. 

Subscript of ETA array at begin- 
ning end of path XXX 

127 

O 

O 

7 

2. 

Subscript of ETA array at 
terminal end of path 

XXX 

127 

10° 

7 

3. 

Path number 

XXX 

127 

O 

o 
1— 1 

7 

4. 

Assigned altitude (integer 
thousands of feet) at 
beginning end of path 

XX 

63 

10^ 

6 

5. 

Assigned altitude (Integer 
thousands of feet) at 
terminal end of path 

XX 

63 

h* 

o 

u> 

6 

6. 

ETA (in sec) at separation 
distance from ETA location 

XXXXXX.XX 

167772.15 

10"^ 

24 

Packed 

Element 

Computer Word Diagram 
Excess 

1 ^ IJ .2 1 3 1 4 1 

Total Bits Used 
(3 excess) 

5 1 6 

1 

57 

Bits 

3 7 7 7 6 

6 

24 




Attribute table IPETA2 (dimensioned 4 by 6) describes the packed 
word IETA2. 


Attribute Table for Pack/Unpack Routines 
Element 1 2 3 4 5 6 


Length 

7 

7 

7 

6 

6 

24 

Sign 

0 

0 

0 

0 

0 

0 

Scale 

0 

0 

0 

-3 

-3 

2 

First 

Shift 

50 

43 

36 

30 

24 

0 


259 




Estimated Time of Arrival. lETAS 


Describes estimated time of arrival information for an aircraft at 
each ETA point on its route. 

Dimensions: 35 by 2 

Packed words for each entry: 1/4 

Aliases : none 

lETAS 

(packed 4 elements in each computer word) 

Characteristics of Each Element 

Description: Estimated time of arrival at each ETA for an aircraft 

to be used for post-processing by comparing with actual 
time of arrival 

Form: XXXX (scans) 

Max. Value: 32767 

Scale Factor: 10° 

Binary Bits: 15 

Packed Computer Word Diagram 

Element | 1 ( 2 j 3 \ 4 [ 

Bits 15 15 15 15 

Attribute table IPTAS (dimensioned 4 by 4) describes the packed word 
lETAS . 

Attribute Table for Pack/Unpack Routines 
Element 1 2 3 4 


Length 

15 

15 

15 

15 

Sign 

0 

0 

0 

0 

Scale 

0 

0 

0 

0 

First 

Shift 

45 

30 

15 

P 
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ETA Location Coordinates. 


lETCOOR 


Describes location of ETA and stores information on whether any 
aircraft are in a standard holding pattern at the location. 

Dimensions : 36 

Packed words for each entry: 1 

Aliases : none 


lETCOOR 

Element 

Number 

Description 

Form 

Max. 

Value 

Scale 

Factor 

Binar; 

Bits 

1. 

X coord, (n mi north) 

+XX.XX 

+8191 

10“^ 

14 

2. 

y coord, (n mi east) 

+XX.XX 

+8191 

10“^ 

14 

3. 

Binary switch (l=yes) to Indicate 
there is a propeller aircraft in 
a standard hold pattern on path 
ending with this ETA point 

X 

1 

O 

O 

1 

4. 

Same as 3 except indicates jet 
aircraft 

X 

1 

10“ 

1 

Packed Computer Word Diagram 

Element | Excess I 

Total Bits Used 
(30 excess) 

1 ^ 2 

I3I4I 

30 

Bits 

30 

14 

14 

11 



Attribute table IPETC (dimensioned 4 by 4) describes the packed 
word lETCOOR. 

Attribute Table for Pack/Unpack Routines 
Element 1 234 


Length 

14 

14 

1 

1 

Sign 

1 

1 

0 

0 

Scale 

2 

2 

0 

0 

First 

Shift 

16 

2 

1 

0 
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Future Controller Messages. IFCMSGl, IFCMSG2, IFCMSG3 

Messages to be transmitted later are in this array for each controller. 

Dimensions: 8 by 25 per variable 

Packed words for each message: 2 

(also 1 non-packed word) 

Aliases: none 


IFCMSGl 

Non-packed, earliest transmit time in 4-second scans. 


IFCMSG2 


Element 

Number 

Description 

Form 

Max. 

Value 

Scale 

Factor 

Binary 

Bits 

1. 

Aircraft ID 

XXX 

1023 

10“ 

10 

2. 

Total transmit time in 4-second 
scans, i.e. message length 

XX 

15 

10“ 

4 

3. 

Latest transmit time in 4-second 
scans 

XXXX 

32767 

O 

o 

15 

4. 

Number of segment clearances 
being Issued 

XX 

15 

10“ 

4 

5. 

Message type 

XX 

31 

O 

o 

5 

6. 

Subscript of ETA array associated 
with terminal end of path to 
which message applies 

XXX 

127 

10“ 

7 

Packed Computer Word Diagram 

Total Bits Used 
(15 excess) 


45 

Element |_ 

Excess 1 1 1 2 1 

3 

14 15 1 

i 6 1 


Bits 

15 10 4 

15 

4 5 

7 



Attribute table IFMSG2 (dimensioned 4 by 6) describes the packed word 
IFCMSG2 . 


Attribute Table for Pack/Unpack Routines 
Element 12345 6 


Length 

10 

4 

15 

4 

5 

7 

Sign 

0 

0 

0 

0 

0 

0 

Scale 

0 

0 

0 

0 

0 

0 

First 

Shift 

35 

31 

16 

12 

7 

0 
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IFCMSG3 


Element 

Number 


Description 


Max. 

Form Value 


Scale Binary 

Factor Bits 


1. Information No. 1 (altitude in 

hundreds of feet, or speed in 
knots, or +heading in degrees, or 
intersection ID, l.e. outer fix) 

(altitude must be scaled in 

calling routine) +XXX +511 10° 13 


2. Information No. 2 (altitude in 

hundreds of feet, or speed in 
knots) (altitude must be scaled 

in calling routine) XXX 511 10° 9 


3. 


Information No. 3 (altitude in 

hundreds of feet) XXX 511 10 


9 


Packed Computer Word Diagram 


Total Bits Used 31 

(29 excess) 


Element [ 
Bits 


Excess 

29 


1 ^ 2 I 3 1 

13 9 9 


Attribute table IPMSG3 (dimensioned 4 by 3) describes the packed word 
IFCMSG3. 


Attribute Table for Pack/Unpack Routines 
Element 1 2 3 


Length 

13 

9 

9 

Sign 

1 

0 

0 

Scale 

0 

0 

-2 

First 

Shift 

18 

9 

0 
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Navigational Aids (Ground-Based) . INAV 

Describes each navigational aid site. 
Dimensions: 10 by 5 


Packed words for each entry; 1 



Aliases: 

INAV(i,l) or lADF(i) 
INAV(i,2) or IVOR(i) 
INAV (i, 3) or IFIX(l) 
INAV (i, 4) or IDME(i) 
INAV(i,5) or IXILS(i) 





INAV 







Element 

Number 


Description 

Form 

Max. 

Value 

Scale 

Factor 

Binary 

Bits 

1. 

X coord. 

(n ml north) 

+XX.XX 

+8191 

10"^ 

14 

2. 

y coord. 

(n ml east) 

+XX.XX 

+8191 

10"^ 

14 

3. 

Standard 

deviation (error) 

X.X 

127 

10"^ 

7 

4. 

"Make good limit" (n mi) 

X.X 

63 

10"^ 

6 




Total 

Bits Used 


41 


(19 excess) 

Packed Computer Word Diagram 


Element 

Bits 



Attribute table IPNSITE (dimensioned 4 by 4) describes the packed 
word INAV. 

Attribute Table for Pack/Unpack Routines 
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Controller Options Available. lOPTN 

Describes which options are available for controller action points. 
Dimension: 55 

Packed words for each entry: 1 

Aliases: none 


lOPTN 







Element 

Number 

Description 


Form 

Max. 

Value 

Scale 

Factor 

Binary 

Bits 

1. 

Subscript of desired altitude 
(ALTOPT) 


XXX 

127 

10° 

7 

2. 

Subscript of desired speed 
(IPERFS) 


XXX 

127 

O 

o 

7 

3. 

Subscript of nominal path 
(NNPATH) 


XXX 

127 

10° 

7 

4. 

Computed vector option (not 
currently used in model) 


XX 

15 

10° 

4 

5. 

Subscript of divergent path 
(IDROUTE) 


XX 

63 

10° 

6 

6. 

Altitude option availability 
(yes-no) 


XX 

63 

10° 

6 

7. 

Speed change availability 
(yes-no) 


XX 

63 

O 

o 

6 

8. 

Standard hold option availability 
(yes-no) 

X 

1 

10° 

1 

9. 

Emergency hold option avail- 
ability (yes-no) 


X 

1 

10° 

1 

10. 

Limit aircraft option (if non- 
zero, pointer to LIMAC) 


XX 

15 

10° 

4 




Total bits used 
(11 excess) 


49 

Packed Computer Word Diagram 






Element |_ 

Excess 1 1 1 2 1 3 1 

-AJ 

5 1 

6 1 7 

18191 10 1 


Bits 

11 7 7 7 

4 

6 

6 6 

11 4 
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lOPTN - Continued 


Attribute table IPOPTN (dimensioned 4 by 10) describes the packed ' 
word lOPTN. 


Attribute Table for Pack/Unpack Routines 


Element 123456789 10 


Length 

7 

7 

7 

4 

6 

6 

6 

1 

1 

4 

Sign 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Scale 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

First 

Shift 

42 

35 

28 

24 

18 

12 

6 

5 

4 

0 



Aircraft Performance Rates. IPERFR 


Each aircraft performance class has associated with it a rate of 
performance for various operational categories. 

Operational categories used in the Terminal Area Air Traffic 
Control Model include: 

1. (IPERFRl) - maximum descent rate (hundreds of ft/min) 

2. (IPERFR2) - enroute descent rate (hundreds of ft/min) 

3. (IPERFR3) - terminal descent rate (hundreds of ft/min) 

4. (IPERFR4) - climb rate to 10,000 ft (hundreds of ft/min) 

5. (IPERFR5) - climb rate to 20,000 ft (hundreds of ft/min) 

6. (IPERFR6) - acceleration rate (kts/min) 

7. (IPERFR7) - deceleration rate (unsigned) (kts/min). 

Dimension; 3 by 7 

Packed words for each entry: 1/8 

Aliases: IPERFR(1,1) or IPERFRl (i) 

IPERFR(i,2) or IPERFR2(i) 

IPERFR(i,3) or IPERFR3(i) 

IPERFR(i,4) or IPERFRA(i) 

IPERFR (i, 5) or IPERFR5(i) 

IPERFR(i,6) or IPERFR6(i) 

IPERFR(i,7) or IPERFR7(i) 

IPERFR 

(packed 8 elements in each computer word) 

Characteristics of Each Element 

Description: Climb, descent, acceleration, or deceleration rates by 

aircraft performance class (see list above) 

Form: XXX 

Max. Value: 127 

Scale Factor: 10^ (except IPERFR6 and IPERFR7 are 10°) 

Binary Bits: 7 


Packed Computer Word Diagram 


Element 

Bits 



Uniform Pack/Unpack routines used; no attribute tables required. 


267 



Performance Speeds (Kts) . IPERFS 

Each aircraft performance class has associated with it a speed for 
various operational categories. 

Operational categories used in the Terminal Area Air Traffic 
Control Model Include: 

1. (IPERFSl) - Takeoff 

2. (IPERFS2) - Climb to 10,000 ft 

3. (IPERFS3) - Climb to 20,000 ft 

4. (IPERFS4) - Cruising 

5. (IPERFS5) - Transition 

6. (IPERFS6) - Terminal 

7. (IPERFS7) - Approach 

8. (IPERFS8) - Final. 


Dimension: 4 by 8 

Packed words for each entry: 1/6 

Aliases: IPERFS(i,l) or IPERFSl(i) 

IPERFS(i,2) or IPERFS2(1) 

IPERFS (i, 3) or IPERFS3(i) 

IPERFS (i, 4) or IPERFS4(i) 

IPERFS (i, 5) or IPERFS5(i) 

IPERFS (i, 6) or IPERFS6(i) 

IPERFS (1,7) or IPERFS7(i) 

IPERFS (i, 8) or IPERFS8(i) 

IPERFS 

(packed 6 elements in each computer word) 

Characteristics of Each Element 

Description: Airspeed associated with a performance class — 

operational category 

Form: XXX. 

Max. Value: 1023 

Scale Factor: 10° 

Binary Bits: 10 

Packed Computer Word Diagram 

Element 
Bits 



Uniform Pack/Unpack routines used; no attribute tables required. 
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Aircraft Performance, Seconds to Lift-Off. IPERFT 

Each aircraft performance class has associated with it a performance 
parameter "seconds to lift-off." 

Dimension: 3 

Packed word for each entry: 1/10 

Aliases: none 

IPERFT 

(packed 10 elements in each computer word) 

Characteristics of Each Element 

Description: seconds from start of take-off roll to lift-off 

Form: XX. 

Max. Value: 63 

Scale Factor: 10° 

Binary Bits: 6 

Packed Computer Word Diagram 

|1 I 2| 31 41 51 6| 7| 81 91 10 I 

Bits 6 666666666 

Uniform Pack/Unpack routines used; no attribute tables required. 
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Aircraft Performance, Turn Rate. IPFTR 

Each aircraft performance class has associated with it a performance 
parameter, "turn rate." 

Dimension: 3 

Packed words for each entry: 1/10 

Aliases: none 

IPFTR 

(packed 10 elements in each computer word) 

Characteristics of Each Element 

Description: Turn rate (deg/sec) 

Form: X.X 

Max. Value: 63 

Scale Factor: 10 ^ 

Binary Bits: 6 

Packed Computer Word Diagram 

Element i 1| 2| 3| 4| 5| 6| 71 8| 9ll0l 

Bits 6666666666 

Uniform Pack/Unpack routines used; no attribute tables required. 
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Length (distance) in n mi of path segments. ISDST 

Each flight path segment has an associated distance. 
Dimension: 17 

Packed words for each entry: 1/6 

Aliases: none 

ISDST 

(packed 6 elements in each computer word) 

Characteristics of each element: 

Description: distance associated with a segment 

Form: XX. X 

Max. Value: 1023 

Scale Factor: 10 ^ 

Binary Bits: 10 

Packed Computer Word Diagram 

Element \ 1 | 2 | 3 | 4 1 5 I 6 

Bits 10 10 10 10 10 10 

Uniform pack/unpack routines used; no attribute tables required. 
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Schedule of all path segments used for the various paths making up the 
scheduled routes. ISKED. 

Describes the four-dimensional flight plan using both aircraft and 
ground-based navigational techniques. 

Dimension: 85 

Packed Words for each entry: 1 

Aliases: none 


ISKED 


Element 

Number 

Description^ 

Form 

Max. 

Value 

Scale 

Factor 

Binary 

Bits 

1. 

Flight navigational mode 

XX 

31 

10“ 

5 

2. 

Information No. 1 

XXX. 

511 

10“ 

9 

3. 

Information No. 2 

XXX. 

+511 

O 

O 

r^ 

10 

4. 

Subscript for altitude array 
(ALTSKD). If value is zero, 
continue at present altitude; 
if value is 31, use altitude 
subscript from lOPTN altitude 
pointer 

XX 

31 

10“ 

5 

5. 

Subscript to speed type (IPERFS) 

XX 

15 

10“ 

4 

6. 

Control point mode, i.e., type 
of make good conditions 

XX 

31 

O 

0 

5 

7. 

Information No. 3 

XXX. 

511 

10“ 

9 

8. 

Information No. 4 

XXXX. 

+4095 

o 

O 

13 


Total Bits Used 60 

(no excess) 

Packed Computer Word Diagram 


Element |1| 2 | 3 |4l5l6, 7 

Bits 5^ 9 10 5 4 5 9 


_8 

13 


Attribute table IPSKED (dimensioned 4 by 8) describes the packed 
word ISKED. 


"^See table on following page for detail. 
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Attribute Table for Pack/Unpack Routines 
Element 12345678 


Length 

5 

9 

10 

5 

4 

5 

9 

13 

Sign 

0 

0 

1 

0 

0 

0 

0 

1 

Scale 

0 

0 

0 

0 

0 

0 

0 

0 

First 

Shift 

55 

46 

36 

31 

27 

22 

13 

0 


FLIGHT 

NAVIGATIONAL 

MODE 

(element 1) 

1 (VOR) 

2 (ADF) 

3 (VECTOR) 

4 (STD TURN) 

5 (DME) 


INFO. 1 
(element 2) 

VOR ID 

ADF ID 

heading (deg) 
final 

heading (deg) 
DME ID 


6 (ILS) 

7 (no longer used) 

8 (no longer used) 

9 (TRUE TURN) 

10 (VECTOR ON BASE LEG) 


ILS ID 


direction!^ ^^t 
heading (deg) 


INFO. 2 
(element 3) 

1 /j \/+toward 
radial (deg)< 

® (-away 


(1 left 
direction<„ . . 

(2 right 

(rate supplied by 

program) 

distance (n 

{-away 

(further scale by 10^ 
before packing and 10“^ 
after unpacking) 

radial (deg) 
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CONTROL 

POINT 

MODE 

(element 6) 

1 (RADIAL) 


INFO. 3 
(element 7) 

VOR ID 


2 (TIME) 


1 

2 


3 (DIST) 


4 (ALT) 


distance (n mi) 
(further scale by 10^ 
before packing and 10“^ 
after unpacking) 

hundreds of ft 


5 (FIX) 


FIX ID 


6 (SPD) 


kts 


7 (DME) 


DME ID 


8 (CONTINUE UNTIL 
CLEARANCE RE- 
CEIVED) 

9 (PROCEED IMMEDI- 
ATELY TO NEW 
FLIGHT MODE) 

10 (TOUCHDOWN) RUNWAY ID 


INFO. 4 
(element 8) 

degrees 

time of day - scans 
elapsed time - sec 


distance (n mi)^"°”^’^‘^ 
(-away 

(further scale by 10^ 
before packing and 10“^ 
after unpacking) 


distance (n mi) 
(further scale by 10^ 
before packing and 10~^ 
after unpacking) 
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Traffic Sample Description. ITRAFl, ITRAF2 


Describes the offer time values of the variables associated with each 
aircraft in the traffic sample. 

Dimensions: 102 by 2 per aircraft 

Packed words for each entry: 2 


Total Bits Used 
(6 excess) 


Packed Computer Word Diagram 

1 I 2 


Element [Excess] 
Bits 6 



Aliases : 

none 





ITRAFl 







Element 

Number 


Description 

Form 

Max. 

Value 

Scale 

Factor 

Binary 

Bits 

1. 

Aircraft 

relative 

ID (generally its 
position in this array) 

XXX 

1023 

10° 

.10 

2. 

X coord. 

(n mi north) 

+XX.XX 

+8191 

10-2 

14 

3. 

y coord. 

(n ml east) 

+XX.XX 

+8191 

10“2 

14 

4. 

z coord, 
level) 

(ft above mean sea 

XXXXX. 

65435 

10° 

16 


54 


10 


14 


14 


16 


Attribute table IPTRAFl (dimensioned 4 by 4) describes the packed 
word ITRAFl. 


Attribute Table for Pack/Unpack Routines 
Element 1 2 3 4 


Length 

10 

14 

14 

16 

Sign 

0 

1 

1 

0 

Scale 

0 

2 

2 

0 

First 

Shift 

44 

30 

16 

0 
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ITRAF2 


Element 

Number 

Description 

Form 

Max. 

Value 

Scale 

Factor 

Binary 

Bits 

1. 

Speed (kts) 

XXX. 

511 

10° 

9 

2. 

Heading (deg) 

XXX. 

511 

10° 

9 

3. 

Aircraft performance class 

XX 

31 

10° 

5 

4. 

Propeller (=1) or Jet (=2) 

X 

3 

10° 

2 

5. 

Route number 

XX 

63 

10° 

6 

6. 

T (4-sec scans), i.e., offer 
time 

XXXX 

16383 

10° 

14 

7. 

Departure (=1) or arrival (=2) 

X 

3 

10° 

2 

8. 

Hemisphere relative to terminal, 
north=l, south=2 

XX 

15 

10° 

4 

9. 

Desired altitude (hundreds of ft) 
(departures only) 

XXX 

511 

10^ 

9 

Packed ( 
Element 

Computer Word Diagram 

1 1 \ 2 1 3 1 4| 5 1 

Total 

(0 

6 

Bits Used 
excess) 

1 71 8 1 

9 1 

60 

Bits 

9 9 5 2 6 

14 

2 4 

9 



Attribute table IPTRAF2 (dimensioned 4 by 9) describes the packed 
word ITRAF2. 


Attribute Table for Pack/Unpack Routines 
Element 12345678 9 


Length 

9 

9 

5 

2 

6 

14 

2 

4 

9 

Sign 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Scale 

0 

0 

0 

0 

0 

0 

0 

0 

-2 

First 

Shift 

51 

42 

37 

35 

29 

15 

13 

9 

0 
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Air Traffic Flow Control Descriptor. LIMAC 


Describes parameters used to change separation standards for traffic 
flow control. 

Dimension: 

Packed words for each entry: 1 

Aliases : none 


LIMAC 

Element 

Number 

Description 

Form 

Max. 

Value 

Scale 

Factor 

Binary 

Bits 

1. 

Indicator whether limit is on an 
ETA array or a waiting queue 

X 

7 

0 

O 

3 

2. 

Subscript pointing to which ETA 
or waiting queue array 

XXX 

63 

10° 

6 

3. 

Upper limit of number of aircraft 
in array before additional 
separation applied 

XX 

63 

10° 

6 

4. 

Lower limit of number of aircraft 
in array before additional 
separation removed 

XX 

63 

O 

o 

6 

5. 

Separation (n mi) to be added 

XX. X 

511 

10^ 

9 

6. 

Pointer to switch indicating 
whether additional separation 
was previously applied 

XX 

63 

10° 

6 

7. 

Pointer to next possible flow 
control descriptor. If sign is 
negative, both conditions must 
be met to apply additional 
separation. If positive, either 
condition being met will use the 
additional separation 

+XX 

+31 

10° 

6 



Total Bits Used 
(18 excess) 


42 

Packed Computer Word Diagram 





Element [ 

Excess 1 1 1 2 1 3 

1 4 1 

5 1 6 

1 7 1 


Bits 

18 3 6 6 

6 

9 6 

6 
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LIMAC - Continued 


The attribute table IPLIMAC (dimensioned 4 by 7) describes the packed 
word LIMAC. 


Attribute Table for Pack/Unpack Routines 
Element 123456 7 


Length 

3 

6 

6 

6 

9 

6 

6 

Sign 

0 

0 

0 

0 

0 

0 

1 

Scale 

0 

0 

0 

0 

1 

0 

0 

First 

Shift 

39 

33 

27 

21 

12 

6 

0 
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Flight Path (Leg) Description. NNPATH(i) 

Describes which segments from ISKED are used for each path. 
Dimension: 50 

Packed words for each entry: 1 

Aliases: none 


NNPATH 


Element 

Number 

Description 

Form 

Max. 

Value 

Scale 

Factor 

Binary 

Bits 

1. 

Number of segments for this path 

X 

7 

O 

O 

3 

2. 

Pointer to next optional vector 
in NNPATH 

XXX 

127 

lo'' 

7 


3. 

Path number for this path 
(not necessarily equal to "i" 
and not necessarily unique) 

XXX 

127 

o 

o 

7 

4. 

Pointer to ISKED for 
segment this path 

first 

XXX 

127 

lo'^ 

7 

5. 

Pointer to ISKED for 
segment this path 

second 

XXX 

127 

10° 

7 

6. 

Pointer to ISKED for 
segment this path 

third 

XXX 

127 

10° 

7 

7. 

Pointer to ISKED for 
segment this path 

fourth 

XXX 

127 

10° 

7 

Packed 

Computer Word Diagram 


Total Bits Used 
(15 excess) 


45 

Element 

1 Excess 111 2 

1 3 1 

4 1 5 

1 6 1 

7 1 


Bits 

15 3 7 

7 

7 7 

7 

7 



Attribute table IPNPATH (dimensioned 4 by 7) describes the packed word 
NNPATH. 


Attribute Table for Pack/Unpack Routines 
Element 123456 7 


Length 

3 

7 

7 

7 

7 

7 

7 

Sign 

0 

0 

0 

0 

0 

0 

0 

Scale 

0 

0 

0 

0 

0 

0 

0 

First 

Shift 

42 

35 

28 

21 

14 

7 

0 
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Preceding page blank 

APPENDIX G 

Computer Core Storage Requirements for the Terminal Area Simulation 


This appendix describes how core storage is allocated to the various 
overlays, subroutines and data arrays. The data storage requirements are 
variable and are a function of the particular data set with which the 
program is dealing. 


PRECEDi]Sf(j PA.GE 


blank not FILMED' 



STORAGE REQUIREMENTS 


System reserved storage 

Common data storage 

Overlay 0,0 - resident overlay 
TAATM 

PAKSPL and UPKSPL 

ISHFTE 

PAKUNI 

UPKUNI 

LSHFT 

System Supplied Routines 


Overlay 1,0 - shared core 

TATINT 

INIT 

System Supplied Routines 


Overlay 2,0 - shared core 
TATPRNT 


Overlay 3,0 - shared cord 
TATREAD 

System Supplied Subroutines 

Overlay 4,0 - shared core 
TATMAIN 

System Supplied Routines 

Overlay 4,1 - shared core 
TATREST 

System supplied routines 

Overlay 4,2 - shared core 

TATHOLD 

MAKTAPE 

DASHCIR 

System Supplied Routines 


Octal 

lOOe 

14672g 


512 8 

266g 

38 

Ills 

76e 

3b 

167518 


201668 


26008 

13448 

4401s 

(10545s) 


5568 

(556s) 


2008 
1155 s 


(1355b) 


1718 

34408 


3631s 


241s 

lOOs 

(341s) 


7142s 

lOOs 

124s 

6437s 


330 

182 

3 

73 

62 

3 

7657 


1408 

740 

2305 


366 


128 

621 


121 

1824 


161 

64 


3682 

64 

84 

3359 


Decimal 

64 

6586 


8310 


(4453) 

(366) 

(749) 

1945 

(225) 


282 


(16025s) 


(7189) 





STORAGE REQUIREMENTS 


3>^00 

, Continued 


Octal 


v v. j tDedimar - 


Overlay 4,3 - shared core 


TATOPER 

1056b 


558 


TRACKAC 

4267b 


2231 


RANDU 

40b 


32 


COMMUN 

1666b 


950 


CNTRLAC 

7544b 


3940 


ETACOMP 

334 b 


220 


- CONCHK 

rzr: 363^1 


243, 

.... , “il. 

SPDGNTR- - 

- 373b 

— - ’ 

251 


COMETA 

116b 

ir ''*;c 

... - 78^' 


CRTDSPL 

1533b 


859 


XFORM 

106b 


70 


System supplied routines 

256b 


174 




22606b 


9606 

System Tables 


10202b 


4226 

Loader 


3450b 


1832 


TOTAL CORE REQUIREMENTS, 





32569 


h;,/ ■■(. 




CORE STORAGE 



System Supplied Subroutines 



-4,0 — TATMAIH and System 

Supplied Subroutines I Supplied Subroutines 
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APPENDIX H 

Detailed Logic Flow Charts 


This appendix contains 

the detailed logical flow charts 

for the 

simulation model. 

broken down 

into overlays and subroutines as 

follows 

Subroutine 

Page 

Subroutine 

Page 

Overlay 0,0 

286 

Overlay 4,3 

317 

TAATM 

286 

TATOPER 

317 

PAKSPL and UPKSPL 287 

TRACKAC 

321 

ISHFTE 

289 

RANDU 

337 

PAKUNI 

290 

COMMON 

338 

UPKUNI 

290 

CNTRLAC 

346 

LSHFT 

291 

ETACOMP 

376 



CONCHK 

379 

Overlay 1,0 

292 

SPDCNTR 

382 

TATINT 

292 

COMETA 

385 

INIT 

296 

CRTDSPL 

386 



XFORM 

392 

Overlay 2,0 

298 



TATPRNT 

298 

Program TRAFGEN 

393 

Overlay 3,0 

300 

Program ANALYS 

396 

TATREAD 

300 



Overlay 4,0 

301 



TATMAIN 

301 



Overlay 4,1 

303 



TATREST 

303 



Overlay 4,2 

305 



TATHOLD 

305 



MAKTAPE 

316 



DASHCIR 

316 
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PflSE 1 


PAGE 


MVERLAY ITOTMFL.O.Oll 

IPROGRAH THAtm INPUT-gOl .007^1=201 ■TRPei0=a01 .TflPESrMl II 

tOMMQN/OVRKK/ NTABLE.NINTEE.NLQGlC,NRpC.f»C.NL01S^NLD!SQ. 

I IJKBUFFISl. IVRRBUFCSI.^ VABCHRG 

lEDUIVRLENCE 1 INTEG12 ) . IPL 1 . 1 INTEG( 3 1 . ISLI | 
llOGlCHL LOISI. LDISO 


I 


tOMHON / REflLTlM/ flOC(32) .0fiCl64 1 .LDISH 108J .LDIS0U36K 
ROPER. NHQLO.NRESET.NTERH.NPRlNT>NR£RD 


IN3/ 



DflLT. 

HTl. 

•CRT. 

DVERG. 

LEG. 

S. 

'EriPS. 

RYSH. 

.YPCL. 

VECT2. 

.WHCNTR. 

JGO. 

JL. 

KGO. 

K3. 

NOn. 

SPDSfiV. 

ThSGfl2(3). 


OELflYT . 

HT2, 

"C^TRL . 

NEXT. 

‘EM^ 
“lYOVG , 
.lYSPO, 
YPE. 
HCHRQ. 
.WHSPD. 

JTEMPflt 10). 
KRLTOP. 
LIND. 
SmE(35). 


lOEST . 


TE^flOM. 
RCFNH(2) 


COMMON/TRBLES/ 


— 1 

1 INTEG(BO). 

TAB1EIQ7S). 

1QGIC(2Q) 1 


LOGICRL LOGT^ 

4 


« « ■ nfiJQR COMMON BLOCK CONTAINED IN ALL OVERLAYS AND PRIMARY SUBROUTINj 


OMMON/MAJORl/ 

flCLS(50). 

RRRMNR. 

CGLIDE. 

CRA30. 

DGRTO. 
ENR0TA(2). 
6LIDE(21. 
*HRRS. 
CHKPT(HO) . 
CELT. 

DROUTEIIO). 
NAVnO.5). 
PflSKE0(4.7). 
PCNTR2t4.2). 
PERFS(4.8) . 
:PETA2(4.6). 
PMSG3(4.3). 
:PQPL{2). 
:PQPTN(4.91. 


I 


RLTOPTO.7.2). 

ARRMXR. 

CILS. 

CRB20. 

OTR. 

FTNM. 

HOLQSEP . 

CNTRRH6S]. 

DEPN. 

HPATHE. 

0PTN(55). 

PCHKPT(4,6). 

P0RT(4.5). 

PERFTO). 

PFTR(3). 

PNPATHI4.71. 

POPPA. 

PSKE0[4.ai. 


ALTSKOO). 

BOUND. 

CRA2D. 

CR83Q. 

EHQLOO. 

6. 

‘ARRN. 

BF(llO). 

CNTRR2(e51. 

DEPS. 

>ff»ATHS. 

:PAPflTH(4.SJ. 

PCNTRlU.6). 

PERFR(3.7). 

:PETfll(4.4). 

PMSG2(4.61. 

:PNSITE(4.4). 

:pqpr(2). 

:PTAS 4.5) 


0MM0N/RTNRIN4/ 
A. ANGLE. 

I AT. 

P8: 

SUBSPD. 
jjm . 


MTEMP. 

RC. 

TEMETA. 

TEMSEP. 

TYC. 

XLTT2. 


RN62. 

IC! PI. 
IH. 

IRSEP. 
1TEHP2. 
JJPl. 
LL' . 
NCMSGT . 
RDESC. 
TEMGRT . 
TTH. 

xfeL2. 


ICONTR. 

IHRC. 
JOE. 
LLLP3. 
NFMSGT . 
Rl. 

TEMOFF. 

tXA. 


ICP. 

IND. 

ISA. 

IHETR. 

JPl. 

M. 

NTEMP, 
SEPCOR. 
TEMONN . 
TXC. 
XCLR2. 
YI 


RRLT. 

DT. 

NOR. 

SO. 

HHPl. 

JS. 

MM. 

;]380. 

SPEED. 

TEMP. 

TXI. 

XI. 


AN6. 

EtT2. 

PA. 

SEOMl. 

.NID. 

JTEMP. 

MMM. 

RATE. 

?eSr3( 1 

TYA. 

XL ID. 


"T" 

i=™i 


< 



7 

. CALI RTROUTi 

LL. 

(MF.30Q34S) 

S 

7 




101 FAzGl TAAlnFLl 


< 


CALL PCCEXEC(OLFN.MF 


mu 


:0MHQN/MAJQR2/ 

rPTRAFU4.4). 

ISKDPU. 

ITAN6(2.2). 

MRXK. 

NRL rSKO . 
NNAV(S). 

NSPOW . 
PPMXI3). 

RTD. 

RWY2(2). 

S0X(6). 

TRIY(S). 

XDILS(2] . 

XRP0S(2). 

YRPgS(2). 

. tETCOQROS). 


IPTRAF2(4.3). 


1TRAFU162). 

MF. 

NCP. 

NNPATH(SQ). 

0UT(26). 

PPMY(3I. 

RWYX(4.2). 

SHOLOO. 

S0Y(6). 

xolii(2). 

YA( 2 ) . 

RB0(3), 

1PETC(4.2). 


IS0ST(17). 

tSTARTA(2l). 

ITRAF2(102). 

NOEPR. 

NQUT(201. 

Rip(21. 

RWYY(4.2). 

SP0ST0O.2). 

TRIX(S). 

XC(2). 

XFINAL(2). 

YC(2). 

SI613). 

lACFPERO) 


< 


CRLL 

CAM RniFNIlJKBUFn 


3D034.LDrSl.lPL.iai / 


u> 


CROSSHAIR NO. 1 


PAGE 2 


!■ ■ ■ MISCELLANEOUS PRIMARY-TO-PRIMRRY AND PRIMRRY-TO-SECONDRRY COMMON 
»■ (Q.O). n.O). (2.0). (3.0). (4.0). (4.1). (4.2). (4.3) I 


:OMMQN/MISC/ 

GPRIM. 

IIHEM(21). 

ITL. 

NFRRMF . 

PITCH 





POMMON/TOES/ lONE. ITWO.ITHREE.IFOUR.IFIVE .ISIX.ISEVEN.IEIGHT . ININE I 
NITEN I 


REAL-TIME MAIN COMMON IN 0VERLRY14.0 
PRIMARY SUBROUTINES OF (4.0) 


RNO ALL SECONDARY OVERLAYS fl 


:0MM0N/RTMRIN1/ 

HSKSPOI 35.11) .R5PBCE1 ( 4.3) .ASPflCE2( 4.3) .ASPflCE3( 4.9). 

CETA. CONFLCr. DELH(35). 

HDBEG(35). HOORN. 

R(2). 


RC. 

RCTN105). 

ACTN2(3S). 

IRC 

N3I35). IRSKED 

35.11). IRTflSi: 

5.2).ICNG0. 


RTRAF(35.26). 

Cfl. 

CRCT. 


CLASS . 

CnSGKS.S). 

CMSG2(8.5). 


CnSG3(8.5). 

COMMUO). 

0(2). 


DELAY . 

ENR0T(2.20). 

ETAS(35.2). 


ETRU36.10). 

£TA2(36.10). 

E360(60). 


FCMSGU8.25). 

FCMS62(8.25). 

FCMSG3(8.2S). 


HORN. 

OBETfl, 

OEETR . 


OPATH. 

PRSSRC . 

SEQ. 


SEQUE0.16). 

SR4. 

TOQUE (2. 20). 


TRY. 

RHICH. KNTP. 


.. 

.EMG(S). NrePRCEI4). 


icnsGdO). 

IEM6. NETR(36). 


IFMSG(IO). 

1H0LDPI35). NNR(35). 


4SEQ. OIDROS) 



:0MM0N/RTMflIN2/ 

OTHRR. 

OTHETR. 

OTHOR. 


OTHSETfl. 

RESTOROS). 

ROLL. 


T(35). 

TETRE. 

TETRL, 


TETRO. 

TIME. 

VI . 

XPL(35). 


V2. 

XORN. 


YORN. 

YPL(3S). 

ZORN 


. R9LX(2). 

R9LY(2). 

R9RX(2). 

R9RY(2), 

R15X(2). 

R1SY(2) . 

R21X(2). 

R21Y(2). 

XNREF(4). 

YNREF(4) 
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PAGE 3 




7S I 
ICQNT2NUEI 


h SET KHORD EQUAL TO (laxiNIfl fILLC 

WflBLE VALUE RND CONTINUE PROBRSfli 


L 


IHWORD^ HASi^ 


PAGE H 














pflGe s 

















PRGE I 


C S UBROUTINE PRKUNUIRRRRY .ARRAY .N.LENGTH.SCRLE } ) 


PACKS UNSIGNED ORTA OF LENGTH NUMBER OF BITS AFTER SCALING TO DRTRI 
« SCALE I 


IDIHENSION 1RRRAY(2). ARRAYIgH 


IRRRflY IS ARRAY TO PACK INTO 
ARRAY IS ARRAY TO PACK FROM 
N IS DIMENSION OF ARRAY 

LENGTH IS HOH MANY BITS PER PACKEO DATA ELEMENT 

SCALE IS CONSTANT MULTIPLIER TO SCALE EACH ELEMENT IN ARRAY TO 

AN INTEGER 


L IS SUBSCRIPT OF ARRAY 

KDATA IS HOH MANY ELEMENTS TO EACH PACKED WORD 
NWOROS IS HOH MANY PACKED WORDS NEEDED 


IKDRTA = 60/LENGTH 
llXCESS = 6Q-LENGTH«K0ATAI 




I NHQRDS = (N'-U/KOATATTI 


C DO Too K=1 .NWQROS> ' 


IIWQRK=QI 

T 


no 7S KK=1 ►KDATA> 


I AS IPG .2 
|A3 |PG-g 



_^^tf(KK-EQ.l ] 


^ | Ag iPG.g 


1 . 

1 

:■■■■ LSHFT IS LEFT CIRCULAR SHIFT f 

■UNCTION AND OPERATES ON ALL 60 BITS i 

, , ^ 


:rwORKsLSHFT{ 1 

:uaRK .LENGTH )I PncF p 


CROSSHAIR NO. I 


C SUBROUTINE UPKUNI I IWHC H.IEAC H. 1 ARRAY iSCAUjCRejID 

. 


[C»>« UNPACKS' UNIFORM PACKED ARRAYS WHICH ARE PACKED lEACH WORD? 
PACKED HORO - IN I ARRAY 


CROSSHAIR NO. I 


RETURNS IN XKETI IN FIOATING FORM. DIVIDED bY SCALE) THE U 
ELEMENT OF lARRAY... 


i 


IDIMENSIQN IAR RRY~(2I ) 

f . 

,IHORO=( IWHCH-1 1/IERCHW 
LENGTH=60/IERCH 
IPLRCL=MOD( lHHCH-1 .ILHCH)*!, 
KHORD = IflRRRYI IWORDl 
ISHFT=LENGTH*IPLRCE 


F . TF( ISHFT.EQ.60 



C»«i NOW NEED MASK OF LENGTH NUMBER OF BITS 
C GENERATION 
C 


CHECK FOR MORE 'J r 


^ . 


[KHORD = LS Hf T ( K WORD .l SHf- T ') i 
15 


! MRSK=2«»LENGTH-l 


ilXRETrKHDRO. AND. MASK 
XRETrIXRET 
PET=XRr 


[e® 
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PflG£ I 




iTfIFL.jToil 


piriENSIQN 

r IPE^S4[4). FS3(161 




NLOISQ. 


i 

ILOST^ FSS) 


.ENCE ( tNTE^l2T.lPL) .1 tNTEGOI .ISLI I 

■ njsr 


LDTSl. LDTSO 


tontlON / REflLTIM/ fiOC(321 .DRC(64 J iDISl n08KL0lS0( 136 1 
gypR^WOLO .Nfer .NTERH .NPRINT^pO 

i 


:QUiyflLENCE 
(IP^ — 


.lPERFSn.4). 1PERFS41U). tLDlSII33), FSS(n). 

(NNnVU], NVOR). (NNfiV(2), NfCF) 

Nf«V(3). NFIX). {NNflV(4). NOME) 

tNNflVCSl. NILS) 


pOMMON/TflBLES? 
INTEG(801> 


TRRlFtQlBl. LDGIC(gQ) 


logicfL logTcI 


l« ■ > MRJOR COMMON BLOCK CONTAINED IN ALL OVERLAYS RNO PRIMARY SUO^OUTIN 
- ■■ 


COMMON/MRJDRl/ 

^ RCLSISOI. 
RRRMNR. 
CGLIDE. 
CRR30. 
DGRTO. 
ENR0TR(2). 

CHKPf(40). 
CELT. 


RLT0PTI3.7.2). 

RRfWXfl. 


pROUTEt^O). 


NAV( 10. L. . 
PASKE014.71. 
PCNTR214.2). 
PERFSI4.B). 
PETR2(4.61. 
PMSG3(4.3). 
POPU2J. 
:PQPTN(4.9). 


CILS. 

CRB2Q. 

OTR. 

FTNM. 

HOLDSEP. 

*RRT(in. 

CNTRfllieS). 

DEPN. 

HPATHE. 
OPTN(SS). 
POWPT14.6). 
PORT! 4.5). 
P£RFTt3), 


>FTR(3). 

■••^ATH (4 


HI4.7). 

POPPA. 

PSKED(4.8). 


RLTSKOO). 

^UND. 

^ 0 . 

CRB3Q. 

EHOLOQ. 

G. 

‘ARRN. 

BF(llO). 

CNTRA2185). 

OEPS. 

HPATHS. 

:PAPflrH(4.Sl. 

:PCNTR114.6I. 

PERFR(3.7). 

PETAl 4.4). 

P^62(4.6). 

PNSTTE(4.41. 

P0PR(2). 

PTA3t4.5) 





NTR0LE=75 

NINTEG=8Q 

NL06IC=20 

NR0C=13 

N0flC=2H 

NLDTsI=48 

NL0fS0=18D 



T 



ca 





{£■■•■ SET UP REAL 1 

riME RECORDING FILEI 



m 

\ CRLL RERDO 

um.i.m / 



■VCALL REAi^ 

(l.l.NSCRN) / 


< 


CRI 


CALL READOUT (1.1. 1 RUN) 


C0MM0N/MRJ0R2/ 

^ TTRAFH4.4). 
SKOPU. 
.TAN6(2.2). 
MAXK. 

NRLTSKO. 
NNHV(S). 
NSPOW. 
PPMX(3). 

RTD. 

RHY2I21. 
SQX(6). 
TRIY(S), 
X01LS(2). 
XRP0S(2) 


1PTRRF214.9). 


iSKEOtaS). 

[TR^U102). 


YRPQS121 
‘“Tcoor- 


NCf^. 

NNPATH(SO). 
0UT(26). 
PPMYOl. 
RHYX(4.2). 
SHQLOO. 
S0Y(6). 
XR(2). 
X0IST(21. 
YR12). 


SOSTin). 

STRRTfl(211. 

TRAF2I102). 


lETCOOROS). 


RflO(3). 

1PETC(4.2) 


NDEPR. 

^T( 20 ). 

R^(2). 
RWYY(4.2). 
SpgST0(9.2). 
TRTX(S). 
XC(2). 
XFINRLI2). 
YC(2) 




I Rt .Sl. 


< 


m 


D> 


CALL RERDDUTU.l.lOUT) 


T 

T#r 




CALL RERDQUTI -20 . 1 .NOUT ) 


< 



? 

^ ca 

Ll^ 


> 


CALL RERDOUTt -26.1. OUT) 




|D»..« SET ALL LQGICI 


RL ourpurs to frlsei 


CROSSHSIR NO- 1 


< DP 90007~ 1NDEX-I.13e5 ' 


IRI IPS.S 


MISCaLHNEOUS PRtMRRY-TO-PRINflRY AND PRtHHRY-TO-SECONDHRY COtlTON 
L- 10.01. U.QI. tZ.OI. 13.01. H.QI. 14.11. (1.21. H.3I 


XJMMQN/MISC/ 

OPRIM. 

HHEM(21 1. 

ITL. 

NFRHMF , 

PITCH 





1 


PQMMON/TOES/ lONE . I TWO . 1 THREE . IFOUI 
LITEN 

T.IFIVE.ISIX.ISEVEN.IEIGHI.ININE 


l« • « DIMENSIONS AND TYPES FOR OVERLRYl 1 .01 


HMENSION 

XLK2). 

ZN0RK(14.3) 

XHORKIISOI, YMORMIOI. 


-OGICRL 

VRRCHNG 




l« ■ ■ DIM. -f TYPE FOR OVERLAY! 1 .0) 1 



DIMENSION 

MSG12G) . 

RITRI2.2) . SFPPI2) 



■ TABLE INTEG LOGIC EQIV. FOR OVERLAVn.Oll 

4 


[QUIVRLENCE 




( 

.( 

NTEG(12). 

NTEG(3B). 

lOUT) .{ 

NFRRM .( 

NTEGIIS). 

NTEG(40). 

lRUN),(iNTEG(37).NTRRF) 

m.dNTEGiaSI.NUMSC) 

.( 

N EG(41). 

NSCAN) .( 

NTEG(46). 

MSG( 1 ) ) 
ALPrtd 

.( 

«JLE(OU. 

AK) .( 

ABLE (02). 

.( 

.( 

Ra-E(03),RLTfl(l.in .( 
f«:E(12), VECERR) .1 

ABLEt 11). 
RBLE114). 

TftPS) 

OEtALT) 

.( 

.{ 

RBLEMS). 

f^LEUS). 

DELSPD) .( 

OKCON) .( 

A|lE(16). 
ABLE (22). 

HOLDT) 

.( 

ffiLE(23). 

PRSEP) .( 

PHlK) .( 

RBLE(24). 

PDSEP) 

.( 

RBLE(25I, 

ABLEt 26). 

BETA) 


RBLE(37). 

RCON) .( 

ABLE (38). 

SRSEP) 


RBLE(43). 

SEPPm) .1 

ABLE! 48). 

VECSD) 

.{ 

RBLE(53). 

CKROLL) .( 

ABLE! 54). 

CKRC) 


RBLE(55). 

CROLL) .1 

ABLE! 56). 

CRC) 

.( 

RBLE(57). 

FDELT) .( 

ABLE (58). 

ZCON) 

.{ 

RBLEtSB), 

HOCON) 
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■ ■ DIMENSIONS AND EQUIVALENCES FOR OVERLRYl l.Q) 










PRGE 5 


PAGE 7 


\Cmmmm INITIALIZE CONSTANTS i 


/ ch Iu \ 

XCALL INIT X 


lew READ RIRMRY DISPLAY CONSTANTS! 


READ 5503. PPMX, PPMY 
READ 5505. TRIX. TRIY 
REAP 5506. SQX. SQY 


I , 

READ IN CONTROL CONSTANTS! 
. INSPDM =~41 

4" 


READ 1399 .DEL T .NUMSC .NTYPE .NTRRP .NSKED .NVOR .NADE .NFIX .NOME .N[LS 
I.NOEPR .NRRR .NCP.hAXK .NSEGHRX 


I 


Cmm pelt - TIME INCREMENT IN SEC 

(:■■■■ NUnSC - NUMBER OP SCANS DESIRED FOR 

Dann NTYPE - NUMBER OF PERFORMANCE TYPES OF AIRCRAFT , ^ 
Zmmmu NTRAF - TOTAL NUMBER OF AIRCRAFT IN TRAFFIC SAMPLE 
Ca«aa NSKED - NUMBER OF AIR ROUTES 


tmmum RERO IN CORRECTION OR I IMIT CONSTANTS 


REflO IN ATTRIBUTE TABLES 
lc».«. BERP IN flTTUlBUTE fflBLESl 


READ 5001 .RLPHK.HK.PHW.DKCON.VECSO.OELflLT.OELSPa .RCQN. 
l[lflLrRll.JI.Ul,21.J=1.2l 


ICONTINUEI 


IC»»»» REAP PERFORtlflUCE HME SI 


iLEiig 

^ 

1C SCI 


:rle=i-oi 


IREflO RQOO, IXRORI 


< 


Cfl 


CRLL PRKUNllIPERFT.XWORK, NTYPE .LENGTH, SCALE 


|C»»»» REAP STRNOARD TURN RATE I 


AT~g1 


!K(1 l,l=l,NTYPEll 


ISCALErlQ.Ql 


IRERD 1000. IXHORKIl 1.1=1, NTYREl' 


Cfll 


. CALL PRKUNlllPFrR.XHORK, NTYPE, LENGTH. SCALE 


:ngth= 6I 




Zmmmmm IIHEMII) WHICH HEMISPHERE S CONTROLLER IN OF 0.0 IH£M=1 .S OF 0.0 
:■■■■ IHEM = P) 

:■■■■ ASSOCIATE ROUTES WITH HEMISPHERE 


RERO SOODT 
RERO 5000. 
RERO 5000. 
RERO 5000. 
REflO 5000. 
READ 5000. 
RERO 5000. 
RERO 5000. 
READ 5000. 
RERO ^QQ. 
RERO 5000. 
RERO 5000. 
REflO 5000. 
RERO 5QQ0. 
RERO/ 5000. 
RERO 5000. 
RERO 5000. 
RERO 5000. 


‘CNTR 
,*CNTRL. 
PCHKPT, 
PQPTN I 
[PSKEQ , 
■PNPRTH 
;PETfll 

:pmsg3 

;PDRT 

IPRPRTH 

;PTRRF1 

:PTRRF2 

;PNSITE 

PTAS 

[PASKEO 

?PETC 


3ELSP0=OELSPO/36OQ. 

lOELTsOELT 

XNFRAMsNFRAH 

FOELT=DELT/XNFRAM 

OGATOsOataGaRTO 


CBBaa RERO AND PACK THE COLUMNS OF PERFORMANCE TABLES 
tmmmm CHANGE UNITS OF PERFORMANCE ORTA IF NECESSARY 
Caaa» RERO PERFORMANCE fflTES 


|LENGfH=7 

ISCALEs.Ol 


< 00 4200 'lPACK=1.7~> 

4 


IRERD 4000. (XWORK(l). 1=1. NTYPEll 




- - 4pnn r 

7 


ICONTINUEi 


< 



ILENGI 


, ^ 

P 

Ic sc 

'flLE=l.Q| 

5 


■ “ ~ <00 4300 LPflCK=1.8> 


7 

IRERD 4000.[XHOR< 

(m.I=l.NTYPEIi 




-L 

rwi PRKUNKIPERFSn.LPACK] 

. XHDRK .NTYPE . LENGTH . SCALE ) 

4300 ^ 



;> 


|NRQUTES= NDEPR^NARR 1 

IREIS 5215, lllHEmil.lil, NWXITES )l 

C»... READ CDNTR^LER ACTION ARR^ 


IREAO 5D0p. NCACTI 

4 _ 

< DO 6000 J;l .NCACT > 


IR 7 IPG-e 


IREAD 5600. I XRORKI I) . Ul . 6 1 . lYWORK 111.1=1.2)1 
llHORD-0 I 


< 


CRLL PAKSPLI lONE 


CRLL 

.ISIX ♦ IW 


IWQRD.IPCNTRI .XHQRH 


> 
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PflGc' I 


BROUTINt INTT 


OGICflL LD!SI. LDI: 


pOHnON / REflLTIN/ R 0 C( 32 ) .DRC( 64 ) .LOISKIOS) .LG 1 S 0(138 ] . 
fayER .WOLD .NRESET .NTEW 1 .NPRINT ,NRERP 


pOfiMON/TRBLES/ 

I INTEG(BD). TR 8 LE{D 75 ). LOGICIZm 


I LOGICRL '.QGTCl 






/ o ' 


^_GTYP=.Ffl'S£. 
f»£RSPLT=.T. 
PLOTSH=.TRUt. 
TCQNST=.F. 
CmiNITr.TRUE. 
i«tTPc=. FALSE. 
L0GIC1201=VrlSE. 


: ■ « NAXR COtmON BLOCK CONTAINED IN RLL OVERLAYS AND PRiriRRY ^BROUTIN 


I ■ ■ THE CRT SCALE tCRTSCAL) IS NEftSURED IN CRT UNITS/ i 


:omhon/maJori7 

ACLS! 50 ). 

RLT 0 PTI 3 . 7 . 2 ) 

RLTSK 0 I 9 ). 

rrrnnr. 

RRRnXA. 

BOUND. 

CGLIDE. 

CILS. 

CRA 20 . 

CRR 30 . 

CRB 20 . 

CRB 3 C. 

DGRTD . 

DTR. 

EHOLOO. 

ENR 0 TR( 2 ). 

•'TNM. 

G. 

i;LIDE!2). 

lOLOSEP. 

ARRN. 

RRRS. 

RRT(ll). 

BF(llO). 

CHKPT( 4 D). 

CNTRAKBS). 

CNTRA 2 ! 651 . 

CELT. 

DEPN. 

OEPS. 

DROUTE(IO). 

HPATHE . 

HPATHS. 

NRV(IO.S). 

OPTN(SS). 

PAPATH! 4 .S) . 

PRSKEDI 4 . 7 ). 

PCHKPTI 4 .B). 

PCNTRH 4 . 61 . 

PCNTR 2 ! 4 . 2 ). 

P 0 RT( 4 . 5 ). 

PERFR 0 . 7 ). 

PERFS( 4 . 8 ). 

PERFTI 3 ). 

PETRI ( 4 . 4 ). 

PETA 2 ( 4 . 6 ). 

PFTR! 3 ). 

PnS 62 ! 4 . 6 ). 

PnSG 3 ( 4 . 3 ). 

PNPATH( 4 . 7 ). 

PNStTE( 4 . 4 ). 

P 0 PL! 2 ). 

P 0 PTN( 4 . 9 ). 

POPPA. 

P 0 PRI 2 ). 



'2 


:OfiriON/f 1 RJOR 2 / 




IPTRRFII 4 . 4 ). 

ISKOPU. 

[TRNG( 2 . 2 ). 

HAXK. 

naCtsko . 

NNm( 5 ). 

IPTRAF 2 ! 4 . 9 ). 

ISK£ 0 !e 6 ). 

1 TRRFK 102 ). 

MF. 

NCP. 

NNPATH(SO). 

ISOSTin). 

ISTARTAiai). 

ITRAF 2 ! 102 ). 


NO^R. 

N 0 UT( 20 ). 


NSPOH. 

OUT! 261 . 

PI. 


PPMX( 31 . 

PP«Y! 3 ). 

RCP( 2 ). 


rto. 

RHYX! 4 . 2 ). 

RWYY( 4 . 2 ). 


RNYZ( 2 ). 

SHOLOO. 

SPOSTO( 9 . 2 ). 


S 0 X( 6 ). 

S 0 Y! 61 . 

TRIX!S). 


TRIV(S). 

XA! 21 . 

XC( 2 ). 


X 0 ILS( 2 ). 

XRPQS! 21 . 


XFINRL! 2 ). 

YC( 2 ). 


YRP 0 S! 2 ). 

RROO). 

SIG( 3 ). 

IRRG 

. IETC 00 RO 6 ). 

IP£TC( 4 . 2 ). 

IACr'®£R!3) 


I RTSCAL= 12.5 
ELX 1 = 6 . 
ELX 2 = - 4 . 
ELX 3 = - 14 . 
ELYl = 16 . 
ELY 2 = 4 B. 
TR=. 174 S 3£-1 
RE 0 = 0 . 
TNH= 6076 . I 
= 32-16 


' ■ « H= THE T!f1E INTERVHL~LN REAL TIME SECONDS/CYCl Fl 


4=32-/1024 . 
STK=0 
NCC = I 
0=0 
0PT^2 
OUT 7 
PLTAC( 11=939 
PLTRC(2J=939 
PLTRCI3)=999 
SCAL=4 
SCAN=2S 
RUN=0 
SWUl 
<RET = 4 
'JTHOrl 
IXYREC-2 
1AXffl:=3S 
1AX0UE = 20 
4FRAH=I28 
4TRRK=3D 


NCDf1=36 

NC0N7^=64l 


P0140N/T0ES/ lONE.rTMO.lTHREE.IF 
UTcN 


UR.IFIVE.ISIX.I; 


VEN.IEIGMT.miNt 


CROSSHAIR NO. 1 


!■ B a TRBiIe . INTEG. 


ICBBBB PtRSPECTIVE~PLOT VHRIABI ESI 


U I VALENCE 
( NTEG(Ol). 
.( NTEGCOS). 
.1 NTEGC 12 J, 
.( NTEGUSl. 
.1 NTEG( 231 . 
.1 NTEG( 30 K 
.1 NTEGI 34 ). 
.( NTEGOei. 
■1 NTEG( 4 S 1 . 


NCWTRL) 
NTRAK ) 


(INTEGIOH). ISCRNl 

(INTEGdU. 101 

( NTEGU 4 J. {PLTACmJ 
(|NTE 6 ( 2 QJ. ISHll 

(INTEG( 24 ). IXYRECl 

(!NTEG( 331 . NCON) 

(INTEG 1361 . NFRRM) 


UIVRLENCE IINTEGI 13 ). lOPTl 
. (INTEGOS). HAXOUEl 


UIVRLENCE 
ITRSLEMSl. 
.(TRBLE( 18 ). 
. 1 TRBLE 121 ). 
.nABLE( 28 ). 
.ITRBLEOD). 
. (TABLE! 311 , 
. (TRBLE( 33 ). 
. (TRSLE( 3 S). 
.ITRBLE( 41 ), 
.(TRBLE( 46 ). 
. (TR 8 LE{ 49 ). 
.(TflBLE{ 33 ), 
. ( TABLE! 74 ) . 


CRTSCAL 1 
DELYJ 
H) 

YOHNC) 
VPERSCJ 
DELXn, 
DELX 3 1 . 
OELY 2 J 
SCLE) 
SOSCALEl 
XBOX). 
RROCP). 
YSTP) 


.!TRBLE! 20 ). FREOJ 

.(TRBLE! 27 ). XOHNCl 
.! TABLE! 29 ). UPERSCJ 
.!TflBLE! 4 Q). SCLR) 

(TABLE! 32 ). 0 ELX 2 ) 
(TABLE! 34 ). OELYl) 


.(TABLE! 42 ). SCLN) 

.(TABLE ( 47 ). VELCON) 

(TABLE! 50 ). Y 8 QX 1 
(TABLE ( 73 ). XSTP) 
.(TRBLE! 7 S)V VSTPl 


ajPERSC=D.12| 

fVPEfeciQ.12l 


RRDCP= 2 .B 
RT 0 = 57 . 295 B 
SCLN =.0025 
SCLE =.0025 
SCLRr. 1 / 30000 . 
50 SCALE= 1 .0 
VELCON = - 2 S 00 . 
X0Hfe =. Q2S 
YQHNCr.O^ 

XBOX = 24 . 

YBOX = 75 . 


E 50 SS=PIO 2 - 1 .O-C 0 S! 20 .b 0 TR) 
D 2 -PI/ 9 .+SIN! 20 .bOTR) 
sgH30=P D2-1.0-COS(30.»DTRJ 
:RB 30 =P D 2 -PI/ 6 .-*-SIN! 30 .bDTR) 
PI20 = PI«20. 

XKNFS=FTNM/3600. 


UIVRLENCE 
(LOGIC! 01 ). 
.(LOGIC! 08 ). 
.(LOGICOO). 
.(LOGICOm. 


CRTINIT) 

INITTOI 

PERSPLT) 

TCDNST) 


.(LOG C( 07 ). 
.C OG C( 09 ). 
.C OG C( 1 U. 


■ B DIM. ♦ TYPE Fff^ INtT 


logical CRTINIT . NRTTPE . )N!'''Rd '. NSGtYP . PERSPL^ . 

L PLQT 5 H . TCONST rc.w.. 


IBFIl]=ISETSYmO.O.l) 
BF 12 )= 4 RX 0 VE 
iaF! 3 )= 4 RXR 
IBF( 4 )=ISETSYH( 0 . 0 . 0 ) 
IBF( 5 )=ISETSYri! 0 . 0 . 1 ) 
ISF( 6 )= 4 RXHBN 
I 3 FI 7 )- 4 RXD 
I 3 Fl 8 )=ISETSYfH 0 . 0 . 0 ) 
I 3 F( 9 )=ISETSY 1 ( 0 . 0 . 1 ) 
IBF! 10 )- 4 RXErtE 
I 3 FI 11 )-: 4 RXRG 
I 3 F! 12 )= S£TSYN!Q.O.O) 
I 3 Fn 3 )= SETSYfl! 1 . 0 . 0 ) 
IBF( 14 )- SETSYN( 2 . 0 . 0 J 
I 9 FI 15 )= SETSYNI 3 . 0 . 0 ) 
I 3 FI 020 )= 4 RXCLR 
I 3 F(Q 21 )= 4 RXD F 
I 3 FI 22 )= 4 RX 0 R 
3r( 23 )= 4 RX ‘'.0 
I 3 F( 24 )= 4 RX. C 
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PftGE 1 




ponnON/OVRBLK/ NTflBU.NlNTEG.NLOGtE.NrtDC.NOflC.NLOtSt .NLOlSO, 
r tJKBUmS). IVflRBUFtS). VRRCHN6 

lEQUiyflLENCE ( INT£G(2). IPL ) .( INTEG( 3 ) . ISL ) 1 
iLuGlCRL LDlSIi LDISO j 

fctWMON / RERLTIM/ RDC02) .QftC(B4 1 foiSI (108) .LG1SQ( 196) . 
Roper. NHOLD.NRESET.NTER h.NPRINT.NREFP 


COflMON/TRBLES/ 


1 

1 INT£G(8Q). 

TRBLE(07S). 

L0GIC(20) f 


I LOGICPi LOGIC! 



OMMON/MflJORl/ 
flCLS(501 . 
RRRnNR . 

CGL IDE . 

CRR30. 

DGRTD. 
ENR0Tfl(2) . 
GLIDE(21 . 
•RRRS. 
CHKPT(40). 
DELT. 

DROUTEUO). 
NRVnO.5). 
PRSKED(4.7). 
PCNTR2I4.2). 
PERFS(4.8). 
PETR2(4.6). 
Pf1SG3(4.3J. 
P0PU2). 
P0PTN(4.31. 


RLTOPH 3.7.2). 
RRRMXfi. 

CILS. 

CRB20. 

DTR. 

FTNM. 

HXDSEP. 

■RRmn. 

CNTRRH85]. 

DEPN. 

HPRTHE . 

0PTN(55). 

PCHKPT(4.6). 

PDRTL4.S). 

PERFTO). 

PFTR(3). 

PNPRTHIH.7). 

PQPPfl. 

PSKED(4.61. 


RLTSK0I3). 

BOUND. 

■“ 120 . 

. J3Q. 

EHOLDO. 

G. 

‘RRRN. 

BF(UO). 

CNTRR2(8S). 

OEPS. 

«»flTHS. 

PflPflTH(4.SJ. 

PCNTRU4.6J. 

PERFfi(3.7). 

PETRK4.4). 

;PMSG2(4.6). 

PNStTE(4.4). 

P0PR(2). 

PrflS(4.S) 


0Mn0N/MflJQR2/ 

TPTRRF114.4). 

SKOPU. 

ITRNG(2.2). 

MRXK. 

NRLTSKD. 

NNflV(S). 

NSPOU. 

PP«X(3). 

RTD. 

RHYZ(2). 

S0X(6). 

TRIY(S). 

X0ILS(2). 

XRPgS(2). 

YRP0S(2). 

. 1ETCQQR(3S1. 


1PTRRF2(4.3) 
ISKED( 85). 
lTRRFin02). 
HF. 

NCP. 

NNPRTH(SO). 

0UT(26). 

PPflYO). 

RMYX(4.2). 

SHOLDO. 

SQY(6). 

XR(2). 

XQ1ST(2). 

Yfl(2). 

RflOO). 

1PETC(4.21. 


SOST(n). 

ISTRRrR(21). 

ITRflF2n02). 

NOEPR. 

N1^T(20). 

RCP(2). 

RWYY(4.2). 

SPDSTD0.2). 

rRIX(S). 

XC(2). 

XFINRU2). 

YC(2). 

S1G(3). 

IflCFPEROl 
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CROSSHAIR NO. 1 



PR 
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PAGE 1 


NcraiTTii I 

U = NCP+2 

WR1TE{HF.5910) OUim. (0UT(U.U3.U) 
= Hti 

INCP = n+NCP-1 

i!&lTE(t1F.5915) (QUT(I).UIIPl.lNCP) 


.NOT.WRTTI^ 


WRITE( 6.5940) lOUTI 
WRITE16.594Q) NCP I 


iffilTEl 6.5910) QUni). (OUTd ) . 1=3. 1 1) 1 
WR1TE( 6.5915) (OUT( I ) .1=1 IPl .INCP ) I 


IWR I TE( HP. 5920) (QUT( [ 1 . Isl . 10) I 


.NOT.WRTTP^^ 


|HRIT£[ 6.5940 )tOlJTl 


WRITE! 6.5920) {QUT( [ ) .U1 . 10 ) I 


IHRITE(HF.592S) lOUTII) . U1 . )0) I 


-NOT.MRTTP^ 


WRITE(6.5940) [QUTI 


WRITE! 6.5925) lOLtH I) .1=1 . )0) t 


RITE(MF.5930) INOUT(l). QUT(l). 0UT(I*3). 0UTIN6). 0UTIN9). 
0UT(U12). 1=1.3) 


F/^^IIDIflG.EQ.O) 


lHRITE(nF.5945) INPUT!!). U1.10)1 


.CALL RDLFNIIJKBUFFID) 







PAGE I 


rass 

rnUuKHn I n > WLHU 


pOflMON/OVRBLK/ NTRBLE .NINTEG.NLOGIl 
1 TJKBUFF(S). TVfWUFIS). 1 

C.NflDC.NDRC.NLOtSt.NLOtSO. 1 

KTYk . VRRCHNG 1 



SIMs'. •' -ISL.I 

i 

pOfIMON / REflLTIM/ flOC132) .DHCI64 1 .LDlSI (100) .10130(196) . ! 

NOPER.NHaO.NRESE'.NTEW. SPRINT. NREflO j 

i 

pOMMQN/TflBLES/ 

1 INTEGI80). TFffiL£f075). 1 

.0GIC(20» 1 


fLOGIC^ 10^ 

^7 



OMMON/hflJORl/ 
nCLS(SO) . 
RRRMNfl. 
CGLIDE. 

CRfl30. 

DGRTD. 
ENR0Tfl(2). 
GLIDEISJ. 
IRRRS. 
ICHKPT(40). 
IDELT. 

IDROUTEtlQ). 
INRVdO.5). 
tPflSKE0(4.7). 
IPCNTR2I4.2'. 
IPERFS(4.8), 
IPE^R2(4.B). 
lPttSG3(4.3). 
IP0PLI2) . 
IPQPTN(4.91. 


flLTOPTO.7.2), 

RRRhXfl. 

CILS. 

CRB20. 

□TR. 

HOLOSEP. 

IRRTdl). 

■CNTRRHBS). 

DEPN. 

HPflTHE. 

0PTNI55). 

PCHKPTI4.6). 

P0RT(4.5). 

PERFTO). 

PFTRf3). 

PNPflTH(4.7]. 

PQPPfl. 

PSKEQ{4.ai. 


RLTSKD(S). 

SOUND. 

CRR20. 

CRB3Q. 

EHOLOO. 

BFdlO). 

CNTRR2(6S). 

OEPS. 

HPRTHS. 

PflPRTH(4.S). 

PCNTRK4.6). 

:PERFR(3.7). 

PE'fll(4.4). 

PflS62(4.6). 

PNSITE(4,4). 

P0PR(2). 

PTflSf4.5) 


:0Mf10N/f1flJ0R2/ 

rPTRRFl(4.4). 

•SKOPU. 

ITRNG12.2). 

MRXK. 

NRLTSKQ. 

NNRV(5). 

NSPOW . 
PPMX(3}. 

RTO. 

RWY2(2), 
S0X(6). 
TRIY(S). 
XGILS(21 . 
XRPQS(21. 
YRP0S(21 . 

. [£TCQ0R[361. 


IPTRRF2(4.9). 

^SKE0(65). 

ITRflFld02], 

fIF. 

NCP. 

NNPRTH(SO). 

0UT(26]. 

PPMY(3J. 

RWYXI4.2). 

SHOLOO. 

SQY(6). 

XR(2). 

XmST(2). 

Yfl(2J. 

RR0(31. 

lPETCf4.2l. 


ISOSTini. 

rsTflRrfl(2d. 

lTRfiF2d02J. 

NOEPR. 

N0UT(201. 

PI. 

RCP(21 . 

RWYY(4.2J. 

SP0STD(9.2J. 

TRIXISl. 

XC(2}. 

XFINRU2J. 

YC(2I. 

SIGOJ. 

IRCFPEROl 


Pf«5E 2 


CROSSHAIR NO. I 




\ 
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5HRIR NO. 




ICp»«» for 0VERLflYt4.(m 
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IVERLRY ITAATHFL.H.nl 
faUHA TATREST I 


IC.NGAC.NLDISI.NLDISO. 



I 7 I 

feQUl^ENCE (INTEGI 2 I 
LDGlCn I.DISI. LOISO 

l.lPU.lINtEGIGI.IGL) 


L ^ , 

COMMON / RfcHLTIM/ ADC( 32 ) .DRC! 64 ) .1 
NnPFR.NHQLD.NRFSFT.NTFRM.NPRINT.NRI 

uDISin 08 ).L 01 S 0 n 3 B). 

ERD 1 

1 

COMMON/TRBLES/ 

r INTEG! 80 ). TAR! E( 075 ). 

L 0 GICI 2 D) J 


I GGIC^ LOGtCl 


3 


1 MAJOR COMMON BLOCK CONTAINED IN ALL OVERLAYS AND PRIMARY SUBROUTIN 


OMMON/MAJORl/ 

RCLS( 50 ]. 

ARRMNA. 

CGLIDE. 

CRA 30 . 

DGRTD. 
ENR 0 TA( 2 ). 
SLIDE! 2 ). 
•RRRS. 
CHKPT( 40 ]. 
OELT. 

DROUTEdO). 
NAVnO. 5 ). 
PRSKED 14 . 7 ). 
PCNTR 2 I 4 . 21 . 
PERFS( 4 . 8 J. 
PETA 2 ( 4 . 6 ). 
:PMSG 3 ( 4 . 3 J. 
:P 0 PL( 21 . 
:P 0 PTN( 4 . 3 ). 


i: 


ALT 0 PT( 3 . 7 . 2 ). 

ARRMXfl. 

CILS. 

CRB 20 . 

DTR. 

FTNM. 

HOLDSEP . 
■RRT(in. 
CNTRAK 85 J. 
DEPN. 

HPATHE . 

0 PTN(S 6 ). 

PCHKPTI 4 . 6 ). 

PDRT( 4 .S). 

PERFTI 31 . 

PFTR! a J . 

PNPATH( 4 . 7 J. 

POPPA. 

PSKE 0 ( 4 . 8 J. 


ALTSKOOJ. 

BOUND. 

CRA 20 . 

CRB 3 Q. 

EHOLOO. 

6. 

FRRN. 

BFmO). 

CNTRR 2 ( 85 J. 

DEPS. 

Irt»ATHS. 

IPAPATH( 4 . 5 I. 

IPCNTR 1 I 4 .BI. 

[PERFRI 3 . 7 J. 

IPETAU 4 . 4 ). 

IPf 1 SG 2 ( 4 . 61 . 

IPNSITE 14 . 4 ). 

IP 0 PR 12 ). 

IPTASt 4 . 5 I 


: 0 Mf 10 N/MAJ 0 R 2 / 

IPTRAFK 4 . 4 ). 

ISKOPU. 

ITANGI 2 . 21 . 

HAXK. 

NRLTSKO. 

NNAV(S]. 

NSPOW. 

PPMX! 3 ). 

RTD. 

RWYZ( 21 . 

SQXI 61 . 

TRIYISI. 

X 0 ILS{ 25 . 

XRPOS( 21 . 

YRPOStai. 

. IFTCQQR 1361 . 


IPTRflF 2 ( 4 . 3 ). 
ISKEO! B 5 ). 
ITRAFU 102 J. 
MF. 

NNPATHfSO). 
OUT! 26 ]. 
PPMY! 31 . 
RUYX( 4 . 2 ). 
SHQLDD . 
S 0 Y( 61 . 

XA( 21 . 

XOIST! 2 ). 

YA( 2 ). 

RAOO). 

1 PETC! 4 . 2 ). 


ISOSTI 17 ]. 

ISTRRTA! 21 J. 

ITRAF 2 ( 1021 . 

NOEPR. 

NQUT( 2 Q 1 . 

PI. 

RCP! 21 . 

RWYY( 4 . 2 ). 

SPOSTO(a.2J. 

7 RIX( 6 ). 

XC( 21 . 

XFINRL! 2 J. 

YC! 2 ). 

SIG! 3 }. 

lACFPERQ] 


lARG 




PAGE 2 


4 AIR NO. 1 




3 


: 0 MMDN/M 1 SC/ 

DPRIM. 

IIHEM! 2 l ). 

ITL. 

NFRAMF . 

PITCH 





tOMHON/TOES/ lONE . I THO . I THREE . I FOUR . IF I VE . I S [ X . I SEVEN . I E I GHT , I N INE I 
LilEN J 


■I REAL-TIME MAIN COMMON IN 0 VERLAY( 4 . 0 J AND ALL SECONDARY OVERLAYS R| 
i! m PRIMARY SUBROUTINES OF ( 4 . 0 ) ' 


'^ASKOT( 3 s'fnKRSPACEl( 4 . G J -RSPAKZl 4 .G j .ASPHCE 3 ( 4 . G ) . 
COWLCT . 


CETA. 

HDBEG! 35 ). 

PC 

N 3 ( 35 ). IRSKEDi 
RTRRF( 35 . 26 ). 
CLASS. 
CMSG 3 ( 8 . 5 ). 
DELAY . 
ETRH 3 B. 10 ). 
.FCMS 6 U 8 . 25 ). 

I MOWN. 

lOPRTH. 

ISE 0 UEO. 16 }. 

I TRY. 

NCMSG(IO) 
NFMSG(IO) 

N 5 EQ. 


HOOWN. 
•RCTNU 35 ) 
3 S. 11 J * 

CA. 
CMSGU 8 . 5 ). 
C 0 (f 1 !lD). 
ENR 0 T( 2 . 20 ). 
ETR 2 ! 36 . 10 ). 
FCMS 62 ( 8 . 25 ) 
OBETA. 
PASSAC. 

SW 4 . 

.MHICH. 

LEMGI 6 ). 

NEMG. 

NHOLDPOS). 

OLDROS) 


A( 2 ). 

.RCTN 2 ( 3 S). 
IATAS( 35 . 2 ).ICNG 0 . 
‘CRCT. 
CMSG 2 ! 8 . 5 ). 
□! 2 ). 

ETRSI 3 S. 2 ). 
E 360 ! 60 ). 
FCnSG 3 ! 8 . 25 ) , 
OEETA. 

SEQ. 

T 00 UEI 2 . 20 ). 
KNTP. 

NASPACE( 4 ). 
NETR( 3 B). 
NNA 05 ). 


:OMMON/RTMAIN 2 / 

DTHRA. 

OTHSETA. 

TETRO. 

V 2 . . 

yoan. 

. R 3 LX! 2 ). 
R 15 X! 2 ). 
XNREF! 41 . 


0 THETR._ 

REST 0 R( 3 S). 

TETAE. 

TIME. 

XOHN. 

YPLOS). 

R 3 LY( 2 ). 

RISY( 2 ). 

YWTEF! 4 ) 


OTHOA. 

RXL. 

TETRL. 

VI. 

XPL! 35 ). 

ZOWN 

R 3 RXC 2 ). 

R 21 X( 2 ). 


R 3 RY! 2 ) . 
R 21 YI 2 ). 


S a ■ I 


■DIMENSION 

k-OGICRL 


TYPE FOR 0 VERLAY( 4 .Ul 

3. 


IATSPL! 4 . 1 ) I 
INITRD . TCONSTI 


z 



TABLE INTEG LQGIC^EfllV. FOR OVERLAYl 4 ._ 1 _D 

J 









TEMPS=B£Tfl*DTR/ 

DPRIf1=C0S( TEMPS 

IN!TRD=.F. 

IHQHNrl 

Z0UN=0 

WECT=5. 

IDELflY = 2 
1DIRG=0 
IDREL = 0 
XREL = 0. 

YREL = 0. 

ZREL = 0. 

PSIREL = 0. 
XNREFm = 0. 
XNREF(21 = 20. 
XNREFI3) =11. 
XNREF141 = 12. 






PRGE 1 


PAGE 3 


pVERLflY (TflflTf1FL.4.2)l 
IpROGRRM TflTHOLD I 


NTflBLE.NINTEG.NLQGIC'.NflDC.NDflC.NLOISI.NLDlSO. 
I LJKBUFF1_5). IVftR6Ur(5).' KTYPE. VflRCHNG 


plUIVRLENCE (INTEGIS: 
iLOGiEfli 1 nisi . 1 nisn 

I.IPL).(INTEG13).ISL)I 



BDCI32).0f)C(641 .LDISmOB) .LOISQIiaBI . 
NOPER .NHOLD .NRESFT .NTFRn .MPBIMT .MBFHn 



COMMDN/TABLES/ 

1 INTEGIBD). TABLEI075). 1 

.0GlCt20) i 


I LOGICRL LQ^ 



:0MM0N/MAJQR1/ 
ACLS1501 . 

fiLTQPT(3.?.21 . RLTSKDI9). 

RRRMNA . 

RRRMXn. BOUND. 

CGLIOE. 

CILS. CRR20. 

CRA30 . 

CRB20. CR03O. 

DGRTD. 

□TR. EHQLOO. 

ENR0TAI2) . 

FTNM. G. 


5LIDEI2). 

HOLOSEP . 

RRRN. 


RRRS. 

IRRTlin. 

BF( 110). 


CHKPTI40). 

ICNTRRIIBS). 

CNTRR2I851. 


DELT. 

IDEPN. 

DEPS. 


DROUTEIIQ). 

IHPRTHE. 

HPATHS. 


NRVI 10.51 . 

IQPTNI551 . 

PAPRTHI4.6). 


PflSKED(4.7) . 

IPCHKPTI4.6). 

PCNTRK4.6). 

IPCNTR2I4.2). 

IPDRTI4.5). 

PERFRI3.71. 

(PERFSI4.8). 

IPERFTOl. 

PETfll(4.4) . 

IPETR2I4.6). 

IPFTRI31. 

PMSG2I4.6) . 

IPMSG3I4.3). 

IPNPRTHI4.7). 

PNSITEI4.4). 

IP0PLI21. 

IPQPPR. 

P0PRI2). 

IP0PTNI4.9) . 

IPSKEOm .R) . 

PTASI4.51 


:0MM0N/MRJ0R2/ 

IPTRAFU4.41 

IPTRAF2I4.9]. 

rsDsn)7). 

tSKDPU. 

ISKED(651. 

ISTRRTA12L1. 

nRNG(2.2). 

ITRAFlt 1021. 

ITRRF2HQ2). 

MflXK. 

MF. 

NRLTSKO. 

NCP. 

NDEPR . 

NNflViSl. 

NNPRTHISO) . 

N0UTI20) . 

NSPDW. 

0UTI261. 

PI. 

PPMXI3). 

PPMYI3). 

RMYXI4.2). 

RCPI2) . 

RTD. 

RWYYI4.2) . 

RWYZI21. 

SHOLOO. 

SP0STDO.2). 

SQXI6). 

SQYI 6 . 

TRIXIS). 

TRIYISl. 

XAI2). 

XCI2). 

XDILSI2). 

XDISTI2). 

XFINALI21. 

XRP0SI21. 

YRI2) . 

YCI2). 

YRPQSI21. 

RADI 3 . 
1PETC(4.2). 

SIGI31. lARG 

. IETC00R(381. 

IACFPERI3) 
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IR N0> I 


■ ■ ■ MISCELLANEOUS PRIMRRY-TO-PRIMRRY AND PRlMRRY-TQ-SECONDflRY COMMON 
■■■■■ (Q.O). (1.0). (2.0). (3.01. (4.0). (4.11. (4.2). (4.31 

J 

S' 

CQMMON/MISC/ 

r DPRIM. IIH£m2l). 

1 PITCH 

ITL. NFRRMF. 

J 

Z-, 


pQMtlON/ TOES/ I ONE . I TWO . I THREE . I FOUR . I F [ V£ . I S I X . I SEVEN .1 El GHT . I N I NE 
Qten 


REAL-TIME MAIN COMMON IN 0VERLflY(4.0) AND ALL SECONDARY OVERLAYS A 
PRIMARY SUBROUTINES OF (H.O) 


QU I VALENCE 
I INTEGIOl J . 
.( INTEG(20J . 
.tINTEG(7Q). 


ISCAL) 
ISNl ) 
IBEG) 


.(INTEGI13). IRUNI 
.(INTEG(23). NTHO) 
.( INTEG(71).1ATSPLI 1 .1 1 1 


:QU I VALENCE 

IINTEGI03), INCC), 
I TABLE! 07 J. XREL). 
(TABLE! 09], ZREL ) . 


[EQUIVALENCE riNTEGUS). 1QPT)| 

4* 


(INTEGI25). lOREL). 
I TABLE (08). YREL). 
ITABLEIlQl. PSIREL) 


:QUIVALENCE 
( TABLE! 11). 
.(TABLE! 20), 
.(LOGIC(O) ). 
.(LOGICUi). 


,(TflBLE(13). 
.(TflBLEI46). 
.(LOGIC! 10). 



RRIXI6) . 

RIXI8) . 

RRIYIS). 

RIYIB) . 

AR2XI3) . 

R2XI31. 

RR2VI3). 

A2YI3). 

RR3XIB) . 

A3XIB1 . 

AR3YI8) . 

R3YI8). 

flR4X(4). 

A4XI4). 

RR4Y(4). 

R4YI4). 

RR5XI10). 

R5XI 101 

RRSYI 10) 

A5YI ID). 

RR6XI4). 

A6X{4). 

AR6Y14). 

H6YI4). 

flR7X(8). 

A7XI8) . 

RR7YI8). 

A7Y(8) . 

RR8X(3). 

R8X(3). 

flR8Y(3) . 

R8YI3). 

DR1XI71 . 

DIXI71 . 

DR1YI71 . 

D1YI7) . 

0R2XI6), 

D2XI6) . 

DR2YI6) . 

D2YI6) , 

DR3XI8) . 

D3XI8). 

0R3YI8) . 

D3YI8), 

DR4XI 10) 

04X110). 

DR4YI 10) . 

D4YI 101 

0R5XI8). 

D5XIB). 

DR5YI8) . 

D5YIB) . 

DR6XI 10). 

DBXI 10) 

0R6YI 101 . 

OBYI 10) . 




RH9RYI2) 


RW15X12) 


RW15YI2) 


RM21XI2) 


RW21YI2) 




RW9LXI2) . 

RW9LYI2) . 

RW9RXI21 . 





TLE140) 


GNXI4) 


GNY(4) 


GSXI4) 


GSVI4) 


GTNXI4). 

GTNYl'4). 

GTSXI4). 

GTSY(’4) 





SET UNITE LIGHTS TO INDICATE OVERLAY COMBINATIONS IN EXECUTION. 



P [A2"[pG.b"| 


;0MM0N/RTnmNi/ 




flSKSPDI 35.11) .flSPflCEl 1 4 .9 ) .RSPRCE21 4.31 .ASPRCE31 4 .91. 

CETR. 

CONFLCT. 

DELHI 35 ) . 

HDBEGI35). 

HDOMN . 

IR(21. 


RC. 

IACTNK3S). 

IACTN2(3S) . 

IRC 

N3I35]. IRSKEDI3S.il). lATflSl 35.2) . ICNGO. 


RTRRFI35.261 

ICR. 

ICflCT. 


CLASS. 


CMSG1I8.5) . 

ICMSG2(8.6), 


CMSG3IB.5). 


COMMllO). 

IDI2) . 


DELAY . 


ENR0TI2.20), 

IETASI35.2). 


ETfll(36.1Q). 


ETA2(36.10J. 

IE360I60). 


FCMSG1I0.25). 


FCMSG2IB.25) 

IFCMSG318.25) . 


HONN. 


OBETR. 

lOEETH. 


OPATH. 


PASSflC . 

ISEQ. 


SEQUEI3.16) . 


SW4. 

IT0QUEI2.20) . 

ITRY. 


WHICH. 

KNTP. 

L. 

LEMGIS) . 

NRSPRCEI4) . 

NCMSG(ID). 

NEMG. 

NETA(36). 

NFMSGIIO). 

NH0LDPI35). 

NNfl(35). 

NSEQ. 

0LDR135) 



IL~DIS0(82)=.TRUE.| 

- 

< DO 50 1 = 1 ,15> 


:qmmon/rtmrin2/ 

OTHAH. 

OTHETfi. 

OTHOfl. 


DTHSETR. 

REST0RI35) . 

ROLL. 


T135) . 

TETAE. 

TETAL. 


TETAO. 

TIME. 

VI . 

XPLI35). 


V2. 

XOWN. 


YOWN. 

YPLI3S) . 

ZOWN 


. R9LXI2). 

R3LY121 . 

R3RXI2). 

R9RYI2) . 

RlSXI?). 

R15YI2I. 

R21XI2). 

R21YI2) . 

XNRFFI4). 

YNREFI4) 




IX( 1 1=0.1 

SpIUZl 

[ Y( I)=0. I 

T 


TLEI 11 
TLEI 21 
TLEI 31 
TLEI 41 
TLEI 51 
TLE( 6) 
TLE( 7) 
TLE( 01 
TLE( 9) 
TLEI 10) 
TLEUl) 
TLE( 12) 
TLEI 131 
TLEI 14) 
TLEI 151 
TLEI 161 
TLEI 171 
TLEI 181 
TLEI 19) 

, TLEI 201 


= SRX10 
= 4RXJUL 
4RX 72 
4RX 
4RX 

4RX Tfl 

4RXATM 

4RX RE 

4RXAL- 

4RXTIM 

4RXE A 

4RXTC 

4RXSIM 

4RXULR 

4RXTID 

HRXN 0 

4RX1SP 

4RXLRY 

4RX 

4RX 


■ DIM, f TYPE FOR OVERLAY! 4 .2 ) I 


[DIMENSION IRTSPLI 

linGICRL CRTINIT 

4.1 ) 

■ . PERSPLT 

. PLDTSwl 


1 

IT « . TABLE. INTEG. RNO 

LOGIC FOR 

OVERLAY (4.2)1 




TLEI21 1 
TLEI 22) 
TLEI 23) 
TLEI 24) 
TLEI 25) 
TLEI 26) 
TLEI 27) 
TLEI 28) 
TLEI 29) 
TLEI 30) 
TLEI 31 1 
TLEI 32) 
TLEI 33) 


4RXDflT 

4RXE: 

4RXRUN 

4RXs 

4RXSCA 

4RXNJ 

4RXCDN 

4RXTR0 

4RXLLE 

4RXR 

4RX T 

4RX0 A 

4RX/C 


305 











PftG£ 6 




THESE DATA SHOULD BE USED ONLY IN HOLD.l.E- QVERLflVt4,2 
THESE CONSTANTS DEFINE RUNWAYS - 9L. SR. 15. AND 21. 


RN3LX( I 1 

- 

0.34- 

9 

RW9LYI 1 1 


-0.25 

RW3LX(21 

- 

0.36 

9 

RW9LYI21 

- 

1 .40 

RW3RX( 1 1 

- 

-0.38 

9 

RH9RYI 1 1 


-0.48 

RW9RX(21 

- 

-0.33 

9 

RI49RYt21 

- 

0.84 

RWISXI 1 1 

- 

0.71 

9 

RWlSYt 1 1 

- 

-0.14 

RW15X(21 

- 

-0.55 

9 

RM1SYI21 

- 

0.59 

RW21X( 1 1 

- 

0.65 

9 

RU2IY( 1 1 

— 

0.60 

RN21X(21 

= 

-0.33 

9 

RW2IY(21 

= 

0.03 





CRI . I . 


caiL ■ 

^ CALL flHKTflPn ini 


T 

CRLl. 

\ CALL UNLODE 


NORTH AND SOUTH ILS GATE GEOMETRY FOLLOWS I 

-j— 



GTNXI 1 1=-6.10 
GTNX(41=-6.10 
3TNY(31=0.38 
GTSX(21=-5.80 
GTSYI 1 l=-0.7l 
GTSY(41=-0.26 

9 GTNX(21=-5.98 
9 GTNYll l=Q.O 
9 GTNY(41=0.45 
9 GTSX(31=-6.8a 
9 GTSY(21=-0.62 

9 GTNX(3l=-6.38 
9 GTNY(2)=0.10 
9 GTSXI 1 )=-6.94 
9 GTSX(4)=-S.94 
$ GTSY{31=-0.32 




4 



I7VT 

THFSF CONSTANTS DEFINE ARRIVAL ROUIES AND DEPARTURE ROUTESI 

^ 


L^-IPG.6 I 


ARIXI I 

AR1X(4 

AR1X(?) 

RR1Y121 

RRIY(S) 

AR1Y(8) 

RR2X(31 

RR2Y(3) 

RR3X(3) 

RR3Xt6) 

RR3Y( I ) 

RR3Y(4) 

RR3Y(7) 

RR4X(2) 

RR4Y( 1 1 

RR4Y(4) 

RR5X(3) 

RR5X(6) 

RRSXOl 

flR5Y(2) 


0.2 

11.3 

17.76 
7.2 
18.5 
35.15 

28.4 

28.05 
-3.28 
-18.75 

5.76 
10.0 
IB. 76 
- 20 .0 

15.0 

13.05 

2.0 
15.1 
30 .0 
-4.68 


$ AR1X(2) 
$ RRU(51 
$ RR1X(8) 
$ RR1Y131: 
$ HRIYIB) 
$ AR2X(t ) 
$ RR2YI 1 ) 
< RR3X(1 } 
$ RR3X(4) 
$ AR3X(7) 
$ AR3Y(2J 
t RR3Y(5) 
$ flR3Y(8) 
$ RR4X(3) 
$ AR4Y(2) 
$ AR5X( 1 ) 
$ AR5X(4) 
$ RR5X(7) 
$ HRSXlia 
$ RR5Y(3h 


3.87 

15.3 

18.3 
IQ.Q 
20 .0 

15.3 
18.5 
-Q.S5 
- 6.0 
- 20 .0 
8.80 

12.4 
28.3 
-30 .0 
14.9 
- 2.6 
5.2 

16.5 
=31 .05 
;-6.l5 


RRIX(31=7.9 
ARU(6)=iS.6 
ARlYm=4.4 
flRlY{4)=l2.45 
RRIY{7)=3Q.0 
RR2X{2)=17.4S 
RR2Y(2)=20.0 
RR3X(2)=-0.SS 
RR3X{5)=-lS-6S 
AR3X(81=-2B.l 
RR3Y(3)=3.3 
AR3Y(B)=15.0 


AR4XH )=-18.7S| 
0WXI‘i>=-37.7S| 


RR4YI3)=13.8S 

RR5XI2>=Q.15 

ARSX(6)=7.6 

RRSX( 8 1=20.0 

AR5Vn)=-3.2 

ARSY14)=-B.Q8 



^ f^9|PG.4l| 


HRSY(5)=-10.Q 

RRSY18)=-19.S 

RR6X( 1 1=16.6 

RRBX(4)=17.1S 

RR6Y(3)=-30.0 

RR7X(21=-3-3 

RR7X(S1=-1S.6 

RR7X(8)=-20.7 

RR7Yt3)=-l0.Q 

RR7Y(6)=-20.0 

RR8X( I 1=-I5.6 

RR8Y(U=-1B.35 


« RRSYISJ 
« ARSYOl 
$ AR6X(21 
< AR6Y( 1 1 
« AR6Yt4J 
« AR7X(3I 
« AR7X(61 
« AR7Y1 1 1 
« RR7Y(4J 
* AR7Y(7' 
C RR8X12 
» AR8Y(2 


-16.05 
-24 .55 
16.65 
-17.7 
-36.0 
- 6.6 
-16.1 
-3.2 
-14.7 
-30.0 
-17.76 
- 20 .0 


RR6Y(7): 
ARSYdO: 
AR6X13): 
AR6Y(2): 
AR7X( 1 ): 
AR7X(4): 
AR7X(7): 
AR7Y(2): 
AR7YlSh 
AR7Y(8): 
AR8X(3): 
AR8Y13); 


-17.7 

=-2S.l 

16.9 

- 20.0 

- 2.5 

-12.5 

-13.35 

-7.4 

-10.35 

-34.1 

-20.25 

-20.15 


< 


y ~CRLL \ 

\ CALL HALT / 


mC 

CALL NAhECRTISLCRTTPE.F RR) / 




.CALL few 


BEGIN THE bEPARfURl~ROUr£SI 


DRIXI I )=4.7 
DRlX(4)=ll .5 
DR1X(71=38.6 
DRIY(3)=Q.S 


bRlY(6)=7.1S 
pR2X( I )=0R2X(2] 


DR2Y(1)=-4.0 

DR2Y(4)=-2Q.O 

DR3X( 1 1=4.7 

DR3X( 4 1=4.85 

DR3Xni=-2.5 

'^R3Y(2)=4.3 

_R3Y(5)=lS.O 

DR3Y(8)=39.4 

DR4X(31=0.3 

DR4XI61=-10.0 

DR4X(9)=-30. 

DR4Y(2)=6.1 

0R4Y(S1=7.8 

DR4Y(81=5.85 


* DRIX12)=7.S 
$ 0R1X(51=2Q.0 

* DRIYU 1=0.4 
9 ORIY(41=0.5 

* 0R1Y17}=10.3 
:0R2X{31=DR2X(41=0R2X(5 



i1 




4 

9 ORI 

[Y(S1: 


• DR2Y(2J=-7.0 

• DR2Y161=-30.Q 

• OR3X12 1=7.0 
9 OR3X(S1=3.0 
9 0R3X(81=-6.0 

• OR3Y(3)=7.0 
9 0R3YI 6 1=20.0 
$ 0R4XI 1 1=7.0 
9 OR4X(4)=-2.6 

• 0R4X(?1=-15.3 
9 0R4X( 101=-33.9 

• 0R4Y(31=7.e 

• 0R4Y161=7.8 
9 DR4Y(91=1.65 


1=0R2X(61=2.8 

OR2Y(31=-lO.O| 

pR3X(61=l.l6 

pR3Y{n=0.4 

DR3Y(4)=10.0 

0R3Y(7l=30.O 

0R4X(2)=3.8 

DR4X(Sls-7.0 

0R4X(81=-20.0; 

0R4Y(n=H.3 I 

GR4Y(41=7.8 i 

DR4YI71=7.0 

DR4Y( 101=-2.sl 



[CRTINIT=.FRLSE. 

4 


CRLL 


\ CALL HALT 

CRLir 

XCAL 


> 


■ * THIS SECTION TRANSLATES THE VICTOR AIRWAY ORIGIN OF COORDINfl 

■ ■ FROn THE CENTER OF THE CRT SCREEN TO THE LOWER LEFT-HAND CORl 


tftg-lP6.4 I 


DR5X( 1 1 
DRSXI41 
DR6X(71 
DRSYI2) 
DRSY(5) 
DR6Y(01 
DR6XI31 
DR6XI61 
DR6XI91 
DR6YI21 
DR6Y(51 
DR6Y(81 


:2.8 

9 DR5X121=6.4 

9 

□R5X( 31=10.0 

:I5.0 

• DR5XI 5 1=20.0 

9 1 

□R5X(61=27.2 


* OR6X(8)=40.0 

9 1 

□R6Y( 1 I=-4.Q 

-d.bb 

♦ 0R5Y(31=-3.1 

9 

DR5Y(41=-2.5 

-1 .85 

• DR5Y(61=-1 .0 

9 

DR6Y(71=-n.9? 

-0 .75 

9 DR6XI 1 1=2.6 

9 

DR6X(2t=0.8 

-1 .1 

• DR6X(41=-5.6 

9 

DR6X(51=-lO.O 

-14.3 

9 DR6X(71=-2Q.0 

9 

DRBX{8I=-28.? 


9 DR6XI 101=-33.g 

9 

DR6Y1 1 1=-H.0 

-/•u 

9 DR6Yt3)=-10.0 

9 

7R6Y(41=-10.0 

-ID.O 

♦ DR6Y(61=-10.0 

9 

]R6Y(?l=-6.7 

-1 .7 

• DR6Y191=-1 .8 

9 

3RBY( l01=-2.3 



=iT2> 

i 

R3LXI 

1 = RW9LXI 

) ■ SCAL 

R3LYI 

1 = RW3LYI 

) ■ SCAL 

R3RXI 

1 = RW9RXI 

1 ■ SCAL 

R3RYI 

1 = RW9RYI 

1 ■ SCAL 

RI5XI 

1 - RWISXI 

1 ■ SCAL 

RISYI 

1 = RWlSYl 

1 ■ SCAL 

R21XI 

1 = RH21XI 

1 ■ SCAL 

R21YI 

1 = RH21Y1 

1 « SCAL 


ICONTINUEI 


32 321 ^ 

icont)nue1 




jc«M« HOLD'sEcnoN“M”ii””i"“";i“”“;;;”””ii;™^ 



NFRAMF=32.«FREa^.S 
SCAL=50.Q/FL0AT( ISCAL) 
C=SCAL 
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< no 3S322 1-1 .3> 


^ |H3 lPS-'> 


A2XI 

A2Y( 

A8XI 

R8YI 

1=AR2X( I l«SCflL-»500. 
)=AR2Y( I l*SCflL»500. 
l=RR8Xin*SCALt50Q. 
)=RRBY( I l■SCAL•^50n. 

_ _ 

-32322 ^ 

? 


ICONTINUEI 

i 

< 00 32323 I=l ,4> 


A4X( 1 1=RRHX( 
R4Y( I IrflRHYl 
A6XI 1 1=RR6X( 
A6Y( 1 1=AR6Y( 
GNXI I 1=GTNX( 
GNYI 1 1=GTNY( 
GSX( 1 IrGTSXI 
GSYI I )=GTSY( 

l*SCAL-f50Q. 

)»SCAL-»500. 

I1«SCAL-»5QQ. 

l«SCRL+500. 

)«SCAL-»50Q. 

l«SCflL-»5QQ. 

)*SCAL-*5a0. 

1«SCRL^500. 

32323 ^ 
iCONf 

TSjeI 

? 

< DO 3232 

I3l .6> 


- - |PG 







PAGE 9 


PAGE 1 1 


1510 
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iiarai 


fiMiiiiiiil 




r ^/lF(NflRl .GT.Ql 


PRGE 13 



— — ] 

, ^ 






P^IF(NflR0.GT.O) 




1 1 CRLl. \ 

/LCIURS(NRR8.R8X.RBY) 

F ^ 

tFlNDR! .GT.O?" 



LRLL VECTQRS(NnRl .DlX.DlY) 


CflOVECTORSf NDR2 .D2X ,n2Y ) 


IF(NDR3.GT.0) 



CRLL VECT0RS(NDR3,D3X.n3Y) 


CALL veCTQRS(NflRl .RlX.QlY) 


F-^^indrm .gt.oj 


F^,^(NflR2.GT.Ql 


CRLL VECT0R5INQR4.D4X.DHY} 


CALL VeCT0RS(NflR2.R2X.ft2Y) 


CRLL VFCT0RS(NflR3.R3X.fi3Y) 



NORS.GT.Q) 






CRLL VECT0RS(NDR6.D6X.DBY) 


IFtNRRS.GT.O) 



I GD TO nOQ. 200. 300. HOP) ISCRL 



CRLL VECTQRS(NRR6.R6X.R6Y) 


2.00 

t 

Yt 

1) 

B.OQ 

« 

Y( 

2) 

10.00 

$ 

Y( 

3) 


DO 102 1=1.15 















PRGE 17 


PRGE J9 


IX(l) = 600. t CmX{ l]\ 

FT 

, 1Q2 'h 

|Y( I ) = 500. CbY( I )~ 


cm~ ■ 

.CRLL VECTDR5( 2. X. Y1 


511 =- 2.00 $ 
X 2 = - 6.00 $ 
[X( 3) = -10. 00 t 


iX(I) = 500. ♦ C«X(ni 

0 1 

- 125 ^ 

I Yfl ) 3 soq.-^ C»Y( I ) 1 


CRLL ""s 

.CRLL VECTQRSl U X. Y) X 

i , 

« NORTHERN DEPARTURE ROUTES I 


Y( 1 ) = - 0 . 3 ? 

Y( 2) = - Q .44 

YI 3) = - Q.fin 


< DO 103 1=1. IS^ 

4 

Ixi 1 ) - 600^ f c.X( r i1 

. 103 4 

I XI 1 1 = 600. I- c.Yin I 

__ i ^ 

CRLT \ 

^CflLL VECrORS( 2. X. Y 1 X 

• « NORTHERN ARRIVAL ROUTES! 


X( 

1 ) = 

2.00 ^ 

yr 

11 = 

0.35 

X( 

2) = 

3.70 

YI 

2) - 

0.40 

XI 

3) = 

6.20 i 

YI 

3) 3 

Q.HO 

XI 

4) = 

8.60 ' 

Yf 

4) 3 

0.45 

XI 

S) = 

10 . on 1 

Y( 

5) = 

0.45 

< 00 ISS 

U1 

ni> 



ixd) = 500. t C«X(I)I 


I Y(D = 500. ♦ C«YU) 


CRLL 

^CRLL VECTORS! 4. X. Y) 


XI 

1 ) 

~ 

-IQ. 00 ! 

Yf 

1 ) 

- 

B.nn 


2) 


-7.50 ! 

Y( 

21 

- 

8.00 


3 i 

= 

- S.OO 5 

Yf 

3) 

- 

6.00 


41 

= 

- 2.50 J 

YI 

4 1 

- 

6. 00 


b I 


Q.OO J 

Yf 

h) 

- 

6.00 


bl 


2.50 i 

Y( 

H) 

- 

6.QQ 


/ 1 


4. 60 i 

YI 

71 

- 

6.00 


8) 

= 

6.00 J 

YI 

H) 

- 

7 . 60 


9) 

= 

7.20 i 

YI 

3J 

> 

9. 00 

X( lUJ 

= 

6.05 i 

YI lOJ 

- 

10.00 


DO 105 1=1. 15> 


IXt I ) = 6.60 $ Y( 1) = OT^ 

|X( 21 = 10. 00 $ Y( 2) = 1 .3Q| 


DP 160 1=1. 15> 


IX(I) = SOd.t C«X[I)[ 


I Yfn = 500. t C«Y(I) 


lm]~ 50Q.-> CMXnil 


n i = 500. t C«Y( 1 1 


' CELL 

^CRLL VECTQRSt 3. X. YI 


miT 

.CRLL VECTQRSl 1. X. Y) 


8.60 • Y( IJ = 

8.30 $ Y{ 2) : 

9.25 $ Y( 3) = 

9 . 60 * Y( 41 = 


Yf 6) = lO.QOl 

























Yl 1 ) = SQQ. t C«Yt I ) 


CALL VECTORS! 2 . X. Y) 


' rpuT 

^CflLL VECTQRSt 6. X. Y) 


NORTHERN RRRIVflL ROUTED 


« SOUTHERN DEPARTURE RQUTESi 


X( 

11 


-23.00 


Y( 

1 ) 


6.00 

X( 

2) 

- 

-18.40 

$ 

Yl 

2) 


6.00 

X( 

31 


-12.00 


Y( 

3) 

- 

6.00 

X( 

41 


- 5.00 

» 

Y( 

4) 

- 

6.00 

X( 

5) 

- 

0.00 

$ 

Yl 

5J 

~ 

6.00 

X( 

6) 

~ 

4.60 

$ 

Yl 

6) 

- 

6.00 

X( 

7) 

~ 

8.90 

$ 

Yl 

7) 

- 

11.00 

X( 

61 

- 

12.00 

$ 

Yl 

81 

- 

14 .65 

X( 

91 

~ 

15.30 

$ 

Yl 

9) 

- 

18.50 

XdOl 

- 

16.70 

$ 

Yl 10) 

- 

25.00 

XIIU 


17.80 

$ 

Yl 11 ) 

r 

30.00 


00 275 U1.1S> 


IX(I) = 500. f C«X(I)I 


I YfU = 600. f C«Y{I) 


DP 305 1=1. 15> 


X(U = 500. t C«X(ni 


1 Yd) = 500 C«Y(n 


. CRLL VECTORS! 7. X. Y) . 


|X( 1) = 4.10 * Y( 1) = -19.30! 

Ix( 21 = 4.60 $ Y( 2) = -20.001 


DO 280 1=1.1 S> 


ixm = 500.^ c»xnn 


Yd) = 500.- C«Yni 



\ 

CRLL VECTORSl 10 

X. 

Y) X 

XI 

1 1 

= 15.30 1 

Yl 

I 1 

= 18.60 

XI 

21 

= 20.00 ' 

Yl 

21 

= 22.00 

XI 

41 

= 24.00 1 

Yl 

4) 

= 24.90 

XI 

4) 

= 20.40 i 

Yl 

4 1 

- 28.20 

s 






C DO 310 

1-1.15 

> 


xd) = 500.* c«x(di 


rYdl = SOQ.-^ C«Y(d 


' CflLL 

. CALL VECTORS! 1 . X, Y) 


' cmr 

^ CRLL VECTQRSt 3. X, Y) 


311 





= - 5.10 
= - 6.10 
:: -17.40 
= -18.70 
= -24.00 
= -26.20 


X( 1 1 = - 9.60 
X( 21 = - 9.60 
X( 31 = -12.40 


$ 

Y( 

1 » - - 6.( 

$ 

Yl 

2) z -12. ( 

$ 

Yl 

3) = -15.; 


DO 315 1=1. 15> 


iX(I) 3 500.* Cixmi 


ixm = 500. ♦ c«x([)1 


Yfl) = 500 . t C » Y(U 


! Ytl) = 500.* C « Y(n I 

T 

CRLL 

CRLL VECTORS! 5. X. Y) 


= -12.30 ♦ Y( 1 1 = 6.Q0 

= -12.30 i Y( 21 = 9.60 

= -17.40 » Y( 3) = 13.90 


CRLL 

CRLL VECTORS! 2. X. Y) 


X( 

1 ) 

Z -11.90 

Y( 

I ) 

- - 6.C 

XI 

21 

z -11.90 i 

Yl 

21 

Z -11.6 

XI 

31 

Z -12.90 : 

Yl 

•■n 

z -15.; 

XI 

4 1 

z -13.70 : 

Yl 

4) 

z -16. E 

XI 

S) 

z -20.00 1 

Yl 

SI 

z -21 .7 

XI 

b) 

z -28.40 1 

Y( 

b) 

' -28.2 


00 320 1=1. 1S> 


!X( n = SQQ.* C«X( III 


lYm = 500 C«Y(I1 


. DO 350 1=1 .15> 


rxi i) = soo.t c«x([ii 


I Yt n = 500.* C«Y( 1 ) 


^ miT 

CALL VECTORS! 2. X. Y) . 


CRLL 

<CRLL VECTORS! 5. X. Y) 


= -17.40 * Y( 1 ) = 6.00 

s -17.40 $ Y( 2) = 13.90 

= -18.70 $ Y{ 3) = 16.00 

= -30.00 $ Y{ 41 = 13.80 


DO 325 r=l.l5> 


ixn ) - 500. ♦ cwxi ni 


ym s 500.* c«Y(u 


cmr 

CRLL VECTQRSt 3. X. Y) 


NORTHERN DEPARTURE ROUTES 



Ixm = 500. c«xmi 


vm z 500.^ c«Ym 


« SOUTHERN ARRIVAL ROUTESl 


CALL VECTORSl 4. X. Y) 



Yd) z 500. f C«Y(n 




CRLL 

•CTORSl 9. X. 


^ crCl ■' 

^CRLL VECTORS! 4. X. Y) 


X( 1) z 17.60 $ 

X( 21 z 24.00 i 

XI 31 z 3Q.DQ t 


RT 

11 Z 

6.60 


Yl 

1 ) Z -17.40 

XI 

21 z 

6.80 


Yl 

2) z -24.70 

Si 

31 z 

7.00 


Yt 

3) z -30.00 


. DO 335 Izl ,1S> 


1X( 11 z 500. t C«X( Mi 


DO 365 Izl.)5> 


ixm z SDo'.t c«xml 


I Yd) Z 500. r C»Y(I1 


Ydl z 500. t C«Y(!) 


CRLL 

^CRLL VECTORS! 2. X. Yl 




XI 11 z - 5.60 i 

XI 21 z - 5.60 4 

XI 31 z -12.40 i 

XI 4) z -13.70 < 

XI 51 z -18.00 i 

Y( 1) z - 6-00 
Y( 21 z -U.40 
Y( 31 z -15.30 
Y( HI z -16.80 
Yl 51 z -30.00 


1 


00 340 1=1. 15> 


8.60 

$ 

Yl 

1) z 

O.HS 

9. HI) 

$ 

Yf 

2) z 

6.10 

5.60 

$ 

Yl 

3) z 

12. 00 

1 .50 

$ 

Y( 

4) z 

18.00 

3 .25 

$ 

Yl 

5) z 

25.00 

6.70 

$ 

Yl 

6) z 

30.00 


DO 370 Izl.l5> 


IXd) z 500. t C«Xd)[ 
fYdl Z 500.* C«Ydl 1 

y 

CRUT 

^CRLL VECTORS! 4. X. Y1 


Ixd) z 500.* c«xmi 


I Yd) = SOD.* C«Yd) 


^ CftL 

vCRLL VECTQRSC 5. 


X( 1) z 0.10 * Y( 1) z 20.20 

X( 21 = Q.IO t Yl 21 z 25.00 

Xt 31 = 0.10 t Y( 3) z 30. QQ 
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DQ 375 U1.15> 


IX(I) = 50Q.* C«X(I)I 


I YU ) = 500. C«Y( I ) 


I Y(I) = 50Q.* C«Ym 


" CRLL 

^CRLL VECT0RS( 2. X. Y) 


CRLL 

CRLL VECTORSt 2. X. Y) . 


■ NORTHERN RRRIVRL ROUTES] 


SOUTHERN DEPARTURE ROUTES I 


3.70 

$ 

Y.( 

1) = 

0.40 

8.10 

$ 

Y( 

2) = 

- 1 .90 

7.20 

$ 

Y( 

3) = 

- 6.00 

6.40 

$ 

Y( 

4) = 

- 9.50 

5.30 

$ 

Y( 

5) = 

-14.00 

4.10 

« 

Y( 

6) = 

-19.30 

3.25 

$ 

Y( 

7) = 

-25.00 

2.55 

$ 

Y( 

81 = 

-30.00 


T 




DO 380 

1=1. 1S> 



ixn ) = 5QQ.> C«X( I n 


I Y( I ) = 500.1- C«Y( I ) 


X( 

1 1 


-23.00 

$ 

Yf 

1 1 


6.00 

XI 

21 


-14.00 

$ 

Yf 

2 ) 

= 

6.00 

X( 

41 


- 5.00 

$ 

Y1 

■II 

3 

6.00 

X( 

41 


4.60 

$ 

Y( 

41 

3 

6.00 

XI 

SI 

~ 

10.00 

$ 

Yl 

SI 

3 

12.30 

XI 

61 


16.30 

$ 

Y( 

HI 

- 

18.50 

XI 

71 

- 

22.30 

$ 

Yl 

71 

' 

23.80 

XI 

81 


28.40 

$ 

Yl 

Bl 

- 

28.20 


DO 405 I=r7T^ 


IX(I) = BOQ.t C«xn]| 


I YU ) = SQQ.t C«Y( I > 


' CRLL 

^CRLL VECTORSC 7. 



CRLL 

CRLL VECTORS! 1 , X. Y1 


X( 1 3 = 15.30 $ Y( 1 ) = 18.60 

Xf 2) = 17.00 % Y( 2) = 26.60 

XI 31 18.90 t Y( 33 = 35.20 


= 4.10 ♦ Yl I ) = -19.30 

= ?.S0 * Y( 2) = -25.00 

= 10.40 < Y[ 3) = -30.00 


00 385 U1.15> 


ixn) = 500. ♦ c»xmi 


00 410 1=1. 35> 


ix(i) = 500 .* c«xiin 


I Yt I) = 500. t C»Y( I ) 


ygi = 500.* c»Ym 


' IRLL 

. CRLL VECTORS! 2. X. Y3 . 


■ CRLL 

CALL VECTORS! 2. X. Y) 



XI 

1 1 

= - 5.10 i 

Yf 

1 1 = 

6.00 

XI 

2) 

5 - 5.10 ! 

Yl 

2) = 

9.50 

XI 

41 

= -17.40 1 

Y( 

31 = 

13.90 

XI 

41 

= -10.70 ! 

Yl 

4) - 

15.00 

XI 

bJ 

= -28.20 1 

Y( 

51 = 

28.40 


</ CRLL 

XCRLL VECTORS! 4. X. Y ) / 









iBMEaEsai 


I Y( I) z 500-t C«Y( \ ) 


CRLL 

CRLL VECTORS! 7. X. Y) 


= 16.60 « Y( 1 ) = -17.40 

= 16.30 * Yl 21 = -27. 00 

- 17.20 » Y( 3) = -36.00 


< C DO 435 1 = 1, 15> 

X 

Ixi n = soQ.t c«x( 111 

I Y( 1 1 = BOO.. C«Y( 1 ) I 

T 

CALL 

CALL VECrORSt 2. X. Y) , 


= - 5.60 « Y( 1 ) = - 6.00 

= - 5.60 $ Yl 2) = -n .40 

= -12.40 5 .Yl 31 = -15.30 

: -13.70 * Yl 4) = -16.80 

= -19.60 t Yl 51 = -34.80 


DO 440 1=1. 15> 


iXin = SQQ.t C«X(Ill 


(II = SOQ.t c»Ym 


XI I 1 = 17.60 $ 

XI 21 = 24.00 * 

XI 31 = 31-00 $ 

XI 4) = 38. DO < 


Yl 1) = 5.70 

Yl 2) = B.QO 
Yl 3) = 10.65 
Yl 4) = 13.10 


1 < 00 4BS 

E. ^ 

1=1.16^ 

1 ixnr; sa 

CiiXl 111 

1 VI n = 50C 
. 

■ • C.YI 1 1 1 

7 ... . 

/ CALL 

\CRLL VECTOR 
r- 3 

51 3. X. Y) / 
7 


XI 21 = 9-60 

XI 31 = 4.25 

XI 41 = 0.10 

XI 51 = - 3.90 

XI 61 = - 8.00 

XI 7) = -12. 20 


Y( 3) = 14.00 
Yl 4) = 20.20 
Yl 51 = 26.00 
Yl 6) = 32.00 
Yl 7) = 38.10 


DO 470 1=1.1^^ 


lia n =' soo.t c«x( 1)1 


Yin = sQort c«Yin 


^ CRLL 

vCRLL VECTORSl 6. X. Yl 


CRLL 

CALL VECTORSl 4. X. Yl 


X 1 ) = 0.10 • Yl 1) = 20.10 

X 2 = 0.10 « Yl 2) 2 30.00 

IXl 3) s 0.10 i Y( 3) = 40. nn 


= - 9.60 $ Yl 1 1 s - 6.00 

= - 9.60 « Yl 21 2 -12.00 

s -12.40 t Yl 3) s -16.30 


00 445 UI.15> 


IXl I) = 500.> C«XII1I 


Y( 1 1 = 500. •> C«Y( 1 1 


:~D0 475 1=1. 15> 


IXl I) = 500.^ c«xiri] 
475 j? 

PYU) s 500. ♦ C«Y(ll 


' mr 

vCRLL VECTORSl 2. X. Yl 


CALL 

CALL VECTORSl 2. X. Yl 


11 = -11.90 • Yl U = - 6.Q0 

2) s -11.90 $ Yl 2) = -11.60 

31 s -12.40 S Yl 3) = -15.30 

41 s -13.70 $ Yl 4) 2 -16.00 

61 s -28.40 i Yl S) = -28.20 


DO 450 UT7lS> 


IXl 1 1 r 500.* c«xmi 


Yll) = SQQ.* C«Ylll 


"southern departure: Kourgg 


XI 

1 1 

- 

3.70 

$ 

Yl 

1 1 

XI 

2) 

?' 

- 

8.10 

$ 

Y( 

2) 

XI 

- 

6.40 

$ 

Yl 

31 

XI 

41 

- 

4.10 

$ 

Yl 

XI 

5) 

- 

3.10 

» 

Yf 


XI 

6) 

s 

2.20 

$ 

Yl 

61 

XI 

V) 

- 

1.20 

$ 

Yl 

7) 

p 



< 

DO 480 

1=1,15 


IXlll = 500. t C«XII)I 


Yll) 2 500. ♦ C«YII) 


CRLL VECTORSl 4. X. Y) 


CRLL X 

ITORSl R. X. Yl y 


vCRLL VECTORSl 6. X. Yl 


■ NORTHERN DEPARTURE ROUTESI 


. DO 455 l=1.15> 


[101 1 = 500. t C«Xl III 


I Yin = SOQ.f C«YIH 


Yl 2) = -26.00 


IXl 4i = 14.60 $ Yi 4) : -37i20l 


< 00 485 1=1. 15> 


V 

ixm = BOO.. c«xni| 

C _ . 

4BB X 


1 Y( n = 500. t C«Yl 1 1 1 


vCHLL VECTORSl 3. X. Y) 


CRO: 

CALL VECTORSl 5. X. Y) 


6.60 

$ 

Yl n = 

0.45 

14-00 

« 

Yl 2) = 

3.60 

17.60 

$ 

Yl 3) = 

5.70 

25.00 

$ 

Yl 4) = 

6.70 

32-00 

$ 

Yl 5) = 

5.70 

39.60 

$ 

Yl 6) = 

5-70 


1 



DO 460 

1=1 ,15> 



XI 

1 1 

- 

1 .00 

Yl 

1 1 


- I -10 

XI 

2J 

2 

6.40 

Yf 

2) 


- 9.50 

XI 

31 

~ 

- 3.00 ' 

Yl 

41 


- 9.55 

XI 

41 


-13-00 ' 

Yl 

4 1 


- 9.60 

XI 

bJ 

Z 

-23.00 ' 

Yl 

hi 


- 9.60 

XI 

HI 


-31-90 ' 

Yl 

H) 


- 9.60 

XI 

n 

2 

-39.00 : 

Yl 

7) 


- 9.60 

< 00 430 

1 , 
1=1 .1S> 


IXl I) 2 SQQ.^ C«Xl I II 


ixin = 500. c«x(iii 


I Yin 2 500. ♦ C«YII) 


Yl n = sbdTf c«Yi 1 1 


" CRLL 

^CRLL VECTORSl 6. X, Y) 


CRLL 

CALL VECTORSl 5. X. Y) 




PflSE 'll 


PAGE 43 


5‘ 

11 = -31 .90 

$ 

Y( 

1) = - 9-60 

XI 

2) ' -36-00 


Yl 

2) = - 4.70 

ii. 

31 = -40.00 

$ 

Yl 

31 = 0-00 


■ DO 435~ 1=1, 15> 

1X1 n - BQ^.« c»xnil 

495 4 

I VI 1 1 V 5C10-> C«YI 1 1 1 


|Fg IpG-42 I 


IpG. 11 .16 ,20 . 27 , 34l 


/ HRIX 

\ CPU VFCTORSl 2 . X 


BOO 


■ Yl ^ 


IG ONTINUEI 


THE ABOVE GRI.I.S ARE TO Pl.QT THE VICTOR RIPWRYS- 


9 IPG . 1 


RflD4=FL0flT U 0» t SCRL 1 ■5CHL 
RflDURflD4/4. 

Rfl02=RflD4/2. 

RRn3=RflnU3. 


, 

/ CR 

1 \ 

\ CALL DRSF 

:iRlRflDll / 


7 

/ CR 

-L \ 


< 


CALL 


< 


CRLL DRSHCIR(Rfl03) 

I 


> 


TCir 


CRLL DflSHCIR(RflD4 


I> 



7 


1 '' 

\ CALL ■ 

JEflOY / 

t 



> 
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PAGE 1 


PAGE 3 


NO. 1 


lOVERLflY lTRflTMFL.4.3)| 
iPROGRAH TATQPER I 


' IM) .LDISOI 136 ) ■ 

i 


DIMENSION ATRRF(35.26) ] 

EQUIVALENCE (ATRAfn . I) . IRTRAF (1 .1 )J I 


(■•■■a 

k m m DIM. 4 TYPE 

FOR OVERLAY! 4.3)1 



L 

DIMENSION IRTSPL(4.1) 

[LOGICAL CRTINIT . INITRO . PERSPl T . 

PLOTSwl 



l« « « TABLE INTEG LOGIC 

EQIV. FOR OVERLAY! 4.3)1 


pOMMON/TReLES/ 
I INTEGOO). 


TRBLEtQ7SI, L0GIC(2Q 


EQUIVALENCE (INTEGOS). N) . ‘ ( INTEGIOSJ . NFMS6D). 
r nNTEGMB). ICNTF) 


I LOGICAL LOGIC! 


• MAJOR COMMON BLOCK CONTAINED IN ALL OVERLAYS AND PRIMARY SUBROUTIN 


:OMMON/P1RJOR1/ 
RCLSISO). 
RRRMNA . 
CGLIDE. 

CRR30. 

DGRTD. 
ENR0TA{2) . 
GLI0E(2). 
•RRRS. 
CHKPT(40). 
DELT. 

OROUTE(IO). 
NAV( 10.5). 
PASKE0(4.7). 
PCNTR2(4.2). 
PERFS(4.8). 
PETR2(4.6). 
PMSG3(4.31. 
P0PL(2). 
P0PTN(4.9). 


RLT0PT(3.7.2). 

RRRMXR. 

CILS. 

CRB20 . 

OTR. 

FTNM. 

HOLDSEP. 

ARTni). 

CNTRAllBSJ. 

DEPN. 

HPATHE. 

OPTNOSJ. 

PCHKPT(4.6). 

PORT(4.SJ. 

PERFT(3J. 

PFTRO). 

PNPATH(4.7). 

POPPA. 

PSKE0(4.8). 


RLTSKDOK 

BOUND. 

CRA20. 

CRB30 . 

EHQLOO . 

G. 

lARRN. 

IBFmO). 

rCNTRA2(8S). 

IDEPS. 

IHPRTHS. 

IPAPRTH(4.SJ. 

IPCNTRU4.6I. 

IPERFR0.7). 

IPETAH4.4K 

IPMSG214.6J. 

IPNSITE(4.4). 

IP0PR(2). 

IPTAS(4.5I 


:qui 

VALENCE 






N 

EG(06). 

INC) .( 

NTEG(09). 

INCC) 



N 

E6( 11). 

10) .! 

NTEGU2). 

I OUT) 



N 

EGI23). 

NTWO) .( 

NTEG(27). 

KKK) 



N 

EG(331. 

NCOM) .( 

NTEG04). 

NCONTRL ) 



N 

EG(36). 

NFRAM) .( 

NTEG08). 

NTRAK) 



N 

EG(39). 

NUMSC ) . ( 

NTEG(40). 

IT) 



N 

E6(4I ). 

NSCAN ) . ! 

NTEG(H5). 

ISTK) 



N 

E6(67). 

ISTOP) .( 

NTEG!70). 

I BEG) 



N 

EGI71 ). 

ATSPLd.in .1 

ABLE! 111. 

TEMPS) 



ABLE(29). 

UPERSC) .! 

ABLE! 30). 

VPERSC) 



ABLE! 47). 

VELCON) .! 

ABLEI53). 

CKROLL ) 



RBLE(54). 

CKRC) .! 

ABLE (55). 

CROLL ) 



ABLE(56) . 

CRC) .( 

HaLE(S7) . 

FOELT) 



ABLEISB). 

ZCON ) . ( 

ABLE! 59). 

HOCON) 



ABLE(73). 

XSTP) .! 

ABLE (74). 

YSTP) 



ABLE! 75). 

VSTP) .(LOGIC(Ol). 

CRTINIT) 


LOGICIOB). 

INITRO) .[LOGIC(IQ). 

PERSPLT) 


LOGIC! 11). 

PLOTSW) 




DIMENSIONS 


AND EQUIVALENCES FOR OVERLAY! 4 


ILOGICAL FSSI 


4.3) 


0MM0N/MRJ0R2/ 
TpTRRF1(4.4). 
SKOPU. 
!TRNG(2.2). 
MRXK. 



PTRRF2(4.S). 

ISKEDtaS). 

.ITRAFltlQ2), 

mf. 

NCP. 

NNPflTH(SO) . 

QUT(26]. 

PPMY(31 . 

RHYX(4.2). 

SHQLDO. 

S0Y(6]. 

XA(2J. 

XOISf(2). 

YA(2). 

RROOl. 

IPETC(4.2). 


ISDST( 17) . 
STRRTR(2n. 
ITRAF2(1Q2). 

NOEPR. 

N0UT(20). 

PI. 

RCP(2) . 

RWYY(4.2). 

SPOSTOI9.2). 

TRIX(S). 

XC(2). 

XFINRL(2). 

YC(2). 

SIG(3) . 
IACFP£Rt3) 


I ARC 


blMENSION 

I FSSdS). IXiLSdO). 

TEMPHdO) 1 



^ 

EQUIVALENCE 

1 (L0ISK33). FSSd)). I 

IINAVI1.5). ixiismi 1 


piaaBB 1 

l» ■ • SET WHITE LIGHTS TO INDICATE OVERLAV COMBINATIONS [N EXECUTION. 1 


CdTSOT B l IrLb I SOI 82 )= . FALSE . 
lL01SQ[83i=.rRUE. 


PAGE 2 


htt: 


OPERATE LOOP 


■ ■ ■ MISCELLANEOUS PRIMARY-TOPRIMRRY AND PRIMARY-TO-SECONOARY COMMON 
BBBBB (0.0). d.O). (2.0). (3.0). (4.0). (4.1). (4.2). (4.3) 



IIHEMIBII. 

PITCH 

ITL. NFRHMF. 


'■■■■■■■■■■■•■■■■■■■■■■■■•■■•■■■■■I 


PAGE 4 


COMMON/TOES/ lONE. ITWO.ITHREE . IFOUR. IFIVE .ISIX. ISEVEN. lEIGHT, ININE 
LI TEN 


■ ■ REAL-TIME MAIN COMMON IN OVERLAY! 4,0) AND ALL SECONDARY OVERLAYS R 

■ ■ PRIMARY SUBROUTINES OF (4,0) 


COMMON/RTMRINl/ 

^ flSKSPOI 35.11). RSPACE 1(4.9) .RSPflCE2( 4.9). ASPACE3 (4.9). 
CETA. CONFLCT. DELHOS). 


HDBEG05) 

IACTN313S). lASKED 
[RTRAF(35.26). 

I CLASS. 

ICMSG3(8.5). 

[DELAY. 

IETAU36.10). 

IFCMSG1I0.25). 

[MOWN. 

tOPATH. 

ISEOUEO.IS). 

I TRY. 

L. 

NCnSG(lO). 
NFMSG(IO). 

NSEO. 


HOONN . 
•RCTNK35). 


35.11). IATflS(35.2).ICNG0. 


CA 

CMSGK8.5). 

COMM(IO). 

ENR0T(2.20). 

ETR2(3B.10). 

FCMSG2(8.25). 

OBETfl. 

PASSRC. 

SM4. 

.WHICH. 

LEMG(5) . 

NEMG. 

NH0L0P(35). 

0LDRO5) 


A(2). 
HCTN2(3S). 


CACT. 
CMS62(8.5) . 
0 ( 2 ). 

ETRS(3S.2). 

E360(60). 

FCMSG3(8.2S). 

OEETA. 

SEQ. 

.T0QUE(2.20). 

KNTP. 

NASPACE(4). 

NETA(36). 

NNA(3S), 


:OMMON/RTMAIN2/ 

OTHAR. 

OTHSETR. 

T(3S). 

TETAO. 

V2. 

YOWN. 

. R9LX12). 
R15X(2) . 
XNREF(4). 

OTHETA. 

REST0R(3S). 

TETAE. 

TIME. 

XOUN. 

YPL(35). 

R9LY(2). 

R15Y(2). 

YNREF(4) 

OTHOR. 

ROLL. 

TETRL . 

VI. 

XPLOS). 

ZOWN 

R9RX(2). R9RV(2), 

R21X(2). R21Y12). 



A 



■ B a DIMENSIONS FOR 0VERLAY(4.3) 

■BBBB 



)IM£NSION 

VPERS(4) 

UPERS( 4 ) . 
. TYBUFM6) 




fT^=MOD( INC.NFRRn)->ll 

^ 

lt»— ARE HE BEGINNING S NEK SCflNI 
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Pft6£ 5 




PAGE 6 








PAGE 9 


PAGE U 




































Pfl6E S 





PflBE 9 


PAGE U 











PAGE 13 


PAGE IS 
























PfiSE 21 


PflSE 23 


ICw COfyUTE ^GE — DISTANCE TO CENTER OF RUNI 

^ 

IRRN6E=SQRT{ XN»Xr*»YN»YN ) ( 

X 

IS THE RANGE LESS THAN OR gOUflL TO 40] 


RANGE -LT . ^ 
-CT UNO) 


UL UPHSPLfIONE.ITUO,iyOR(KVORl.IPNSITE.TErf=’Bl 


RX=TEHPRflJ-XNl 

RY=TEf1Pfl(2]-YNl 


^>'^IF(RY.NE.O.) 


tCw IS THIS fl/C BN ARRIVAL ( 


J 

T 

n 

0 \ 


. 


3UTPUT ETA AND ATf 

ibqs ^ 

[CONT 

[NFQ 

iNUEl 


z 

I0UT=2 
DUri 1 IsTAC 
3UT(2J=NCP 


DO 2010 K=l.NCP> 





























PAGE 33 


PAGE 3 S 



Cmmi flight modes wiMii 


Usonb { 2 UiU»g 40 Q.gSD 0 . 26 Q 0 . 27 M; 280 Q» 6 dOO,fe 000 . 2900 . 2 i 5 QQ). MOI 


P ALPHA -LE . 

-<r 0 .) 




fCw MODE 1 — VORI 


XKALP=AHAX U AM I N 1 ( XKALPT . 90 . ) ,-30 . ) 

XKALPT=XKALPT+ALPHA 

XKALPT=RMAX l( AH I N 1 ( XKALPT .90 ♦ ) . -90 ♦ ) 


CALL UPKSPLI TONE . IT^«EE . IVOR! KVOR ) . IPMSITE .SITE 1 


P_^-^^fF( PS I R . 6 T . 0 ^ 


P,,^^^RV.NE- 0 .) 


iRANSErSQRT ( RX»RX-»RY«WT] 


TOP OF NEXT PAGE 


RANGE . LT . ^ 

-<r 0N3 


F^.,^^IRX.6T.0.) 


lPSIAC=AnODm 5 Q.-ATH^(RX.RY)iRTD, 360 . Jl 


BOTTOM OF PRECEDING PAGE 


0 CDR=P 5 JHC 4 XKALPTI 



HDCORsPS 1 AC-XKALPf 1 80 , 


I HLPHH=R 8 S(P 3 IR 1 -PSIAC I 


|C»»«P MODE 2 — ADfI 


ALPHA ^ .- 1 ^ 

-<r 80 .) 


J:RLL UPKSPL(IONE.ITHREE,IADF[KRDFl.IPNSITF.SrTFl 


IRX=CPX-XN( 

IRYsCPY-YnI 


TOP OF NEXT PAGE 












-O.J 


F flBS ( TEMPS )> 
-<T LE.12.) 


_F^-'^(T(N1-GT.0£1> 












PfiSE 41 


PflGE 43 




I AIRCRAFT dynamics 


I UITH RANDOM NUMBER GEN- 


IDELH(N)=(Ya-6.)*SI 


\Lmmmm MODE 6 — IL^ 


I HOCOR=HDCOR^LH(N1 


I COMPUTE BANK ANGLE TO CORRECT FOR DIFFERENCE BETWEEN HEADING! 
I ANO CORRECTED HERDING | 


UPK5PL( IQNF.ITHREE.IXILSIKILS) .!PNS{TE«SITE) . 


HDC0Rd-DC0R-»36O. 
■CCORsAMOm HOCOR .3BO . J 
4£RR»H0C0R~HEflDN 


I MODE 3 — TRUE TURNI 


V CALL UPKUNK ICLAS5, ITEM . IPFTR .10. .HOOT 1 



rHFRO=tfISE6(Nl-»TlN)«HD0T-»36Q 



S=SQRT(S»&»flCERR<flCERRTl 








PRl^ 45 


PF 



|F13|PG.43] 
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T 







PAGE 43 


PAGE 61 


NHOLaP(Ni=NHOLDP(N)-l 


BQTTOn OF PRECEDING PRGE 


£LSP= ( SPOF-SPO ) /SEC TD 
gL2=-(flLT-RWYZC IMEH) )/SECTD| 


NOT RECEIVED SUFFICIENT CONTROLLER INSTRUCTION • 
INUE UNTtL CLERRRNCE RECEIVED CP ^^OOE 


TEf1Pfim=8. 

TEf1Pft(2i=0. 

rENPflO)=Q. 


CALL PRKSPUIFIVF.ISFVEN.IflSKEDIN.n.IPflSKED.TEriPfl) . 

















FfVSE B 3 


Cm«« SPOF= CLIMB SPEED BELOW lOQOO FT. — DELZ=ain8 RATE 
|C«— BELOW lOOOO FT. 





iF(flCCRT) 3S7S^ 
.3S7S.3S30 


(ffRfn=tY2-6.)«SIGf Z) 

I$13( L )=RTRflF3rL )tflTRf 13t L J-YN 
flPsSD. 



POsSPD-tOELToDELSP 
LT=flLT+DELT«OELZ 
LT=af1RXHRLT.RHYZnHEf1)l 


_tETF?SfL.r]=IETflS(N.Zl ' 


HAS RN ETH PQZNT BEEN PflSSEOl 


C««« yPOATE active TRflFFZC SRTPLE ARRAY 
C««« COMPUTE NEW X. Y. VX. VY 

UPDATE ACTIVE TRffFIC ARRAY ON L (L=L-»U 


L=LTI I 

ATRAF(L.U=ATRHF(N.U 

TEMP=(HER0N+HD0T«0ELT/2. )«OTR 

VX=SPO«COS(T£riPJ 

YY=SPO*SIN(TEff»J 

^TRAF(L,4J=HLT 

9TRAF(L.6J=SPO 

ATRRF(L.6J=CHERD 

IRTRRF(L.71=ICLASS 


f>"^WNODE .EO.3^ 
— C R.NHQLOP(L).GT 
\^.0) , 


00 3g60 K=8,12> 


|^««> UNPACK ARRAY SUBSCRIPT OF ETAi 


■^CALL UPKSPU IFIVE . IFIVE , IATRF21 1 L 1 . IPRPflTH . TEfV ) 


334 


llTEflPrTFMPI 













F^^^^dTEflP .EQ. 

-<r 0) 


IF(M0DE.EQ*l0.fl 

N0.IflTRF23(L).N 

E.O) 


> CflLL UPKSPHIONEWTHO.IETCOORt rTE»P)»IPETC.TEMPnj_^ 


IW=flTRflF2(L)-TEMPfl(n 

RY=flTRRF3(L)-TErf*flt2J 

R=SORTtRX*RX+RY«RYJ 

VC=-IVX«RXt-VY«RY)/R 


IS THE fl/C FLYING HMflY FROn THE ETRI 



Cw UNPRCK ETR TIflE R^D CONVERT TO SCRNSi 


F ^^^^{VC.GT.Od 


. CHLL UPKSPL 1 !TK0 . ITWO. lETRl ( ITEflP . J) . TPETfll .TEnPS) 


IIT£HPS=TEt1PSA)ELT[ 


F^^^r flnoDi TEHPS , 
-< D£LT).GT.O.) 


«■ IS TH^ fl/C UdHtN RN tf^T RflOlUS OF THE ETR_PqjNf] 



ITEMPS^ITEflPS-^l 


STORE ETR tinF. RND RTRtRCTURL Tirg OF RRRIVHU FOR FUTURE M 


|IHH=nCP-n/5+l 

liaEGrfiroiiCP-usjfil 


. CBLL PHKSPL[2BEG.IBEG.rETflS(L.IHH).IPTR5.TEnPS_L 


kJPUJtl 

lTEilP5=rT| 


> CflLL PRK5PU2BEG,IBEG.1RTRS(L.IWH).IPTRS.TEWPS_L 


F^^(JPI.GT.JTER^ 

-C PJ 


TFT RFffilNING TIMES TO FRONT OF ETR HRR^ 



HITEHP,J].rPETfll.TErf*S) . 


IliJMiaetlSBl 


UTURE PATH TO 
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|gfO] 


CROSSHAIR NO. I 



Pf»E I 


PRG£ 


SUBROUTINE CQMflUN 


LOGICAL LDISI> LDlSOi 


pOMflON / REflLTlM/ flDC( 32 ) .DRCI64 ) .LDISI ( 108) .LDIS0(196 ) ► 
NOPER .NHOLD .NRESET .NTERM .NPRINT .NREflO 


COtinON/TflBLES/ 

r INTEGOO). TRBL£(Q?5). L0GIC(2Q) 


I LOGICAL LQGTCI 


MAJOR COMMON BLOCK CONTAINED IN ALL OVERLAYS AND PRIMARY SUBROUTIN 


:0MM0N/MAJ0R1/ 
RCLS160) . 

RLT0PT13.7.21 

RLTSK0I9). 

RRRMNA, 

RRRMXR . 

BOUND. 

CGLIDE. 

CIL6. 

CRR2Q. 

CRR30. 

CRB20 . 

CRB30. 

DGRTD. 

DTR. 

:holdo . 

ENR0TR12). 

FTNM. 


GLI0E12). 

HOLDSEP. 

RRRM. 

lARRS. 

IRRTlin. 

BFlllO). 

ICHKPT140). 

lCNTRfll(85). 

CNTRR218S). 

IDELT. 

IDEPN. 

DEPS. 

IDROUTEllO). 

HPRTHE . 

HPRTHS. 

INRVllO.5). 

0PTN155) , 

PRPATHI4.5). 

IPRSKED14.7). 

PCHKPT14.6). 

PCNTRH4.6). 

IPCNTR214.2) . 

PDRT14.5). 

PERFR13.7). 

IPERFS14.B). 

PERFT13). 

PETR) 14.4). 

IPETR214.6). 

PFTR13). 

PMSG214.6) . 

IPMSG314.3). 

PNPRTH14.7). 

PNSITE14.4). 

IP0PL121 . 

PQPPfl . 

P0PR12). 

IP0PTN14.9) . 

PSKED(4,B1. 

PTflS(4.5) 


:0MM0N/MAJQR2/ 

[PTRAFH4.4). 

tSKDPU. 

nRNG(2.2). 

MfiXK. 

NALTSKD. 
NNAVtS) . 
NSPOM. 
PPMXO). 

RTD. 

RWY2(2). 
SOX(6) . 
TRIY(S). 
XDILSI2) , 
XRPOStai . 
YRP0S(2) . 

. IETC0QR(36). 


IPTRAF2I4.9). 

ISKEOIBS). 

lTRAFin02J. 

MF. 

NCP. 

NNPRTHI5Q) . 

0UT(261. 

PPMYOJ. 

RWYX(4.2). 

SHQLOD . 

SQY(B), 

XR(21. 

X0IST(2). 

Yfl(2). 

RRD(3). 

1PETC(4.21. 


SOSTM7). 
STARTR(21). 
TRRF2( 1021 . 


NOEPR. 

N0UTf20). 

PI. 

RCP(2). 
RWYY(4.2). 
SPDSTD(9.2) . 
TRIX(S) . 
XC(21. 
XFINRL(2) . 
YC(2I. 
SIGOJ. 
IRCFPEROl 


pOygON/TOES/ TONE . [ TUQ . I THREE . IFQUR . IF IV£ . ISl X . ISEVpN. I£ IGHT . iNlNE 


:qmmon/rtmrini/ 

ASjSSPOI 3S . U ) .flSPflCEl 1 4 .9 ) .flSPACE2( 4.9) .ASPflCE3( 4.9). 
CETA. CONFLCT. DELHI 35). 

HDBEGOS). HDOWN. lA^lT 

. IRC, IACTNH36). lflCTN2(3S). 

IACTN31 35 ) lASKEOt 35 .III. IRTRS ( 36 .2 1 . 1 CNGO . 
[RTRRF(35,26) . ICR. ICRCT. 

ICLflSS.^ ICMSGK8.S). ICMSG2(8.5). 

ICMSG3(8.6). ICOMMUO). 10(2). 

IDELRY. 1ENR0T(2.201. IETAS135.2). 

IETRU36.10). IETA2(36.10). IE360160). 


IFCnSGl(8.25). 1FCMSG2(8.25) 


IHOWN. 

lOPRTH. 

IS£QUE(3.16). 

ITRY, 

L. 

NCMSG(IO). 
NFMSGtlQ). 
NSEQ. 


lOBETA. 
IPRSSHC . 
ISH4. 
IWHICH. 
LEMG(5) . 
NEMG. 

NHQLDPOS). 

XDR(3S) 


10(2) . 

IETAS(35.2). 

IE36Q(60). 

IFCMSG3(8.2S). 

lOEETR. 

ISEQ. 

IT0QUE(2.201. 

KNTP. 

NflSPRCE(4). 
METROS) . 

NNR( 35 ) . 


DIMENSION 
I TYBUFliS) 


DIMENSIONS AND EQUIVALENCES FOR COMMON 


tDtMENSION 

' IflTRflFUBS). flTRFl0l3S). 

TEMPRl 10). TCMSGIR) 

, - ^ 

rrz ^ 

■QUl VALENCE 

llflTRRFO.n. IflTRflFllin. 
ITCMSGin. DUT13)) 

IRTRRFl 1 .IB) . RTRFietU). 

± 

DIMENSION 

RTRRF4135). RTRRFS13S). 

IRTRF2K3S). IflTRF22(3S). 
TCMSG213). 

I0PTI0N13). 0PTI0N13) 

RTRF23135). IflTRF24l35). 

, s 

7 

Equivalence 

l RTRRFl 1 .4). RTRRF41 ))). 

1 RTRRFn.21). IRTRF2im). 
( RTRRFl 1,23). IATRF23lin. 
1 CMSG211 l.OUTign 

IRTRRFU.S). RTRRFSm). 
IRTRHFll .22). lRTRF22m). 
IRTRRFl 1.241. IRTRF24(D) 


[QUIVRLENCE 

(RESTOR(Ol ) . 
(RESTOR(03). 
(REST0RI05). 
IRESTORIOT). 
(REST0R109) . 
IRESTORUl). 
(RESTORi 13). 
(RESTORl 15). 
(RESTOR( 17). 
(REST0R119). 
(REST0R121). 
( RESTORl 23 ) . 
IREST0R(24). 
I RESTORl 25). 
(RESTORl 27). 
I RESTORl 29). 
(REST0R13) ). 
. (RESTQR133). 
. (RESTORl 34). 


TETA). 

ORLT 1 . 

ETRSEP ) . 

DSPD ) . 

TOTD). 

DSTl). 

DST3). 

ISUBOP) . 

STEMPl . 

ISOBO). 

XLfi). 

R5PCDN), 

DRLT. lOPTlONl 
DSPD). 

VECOP ) . 

RLTOP) . 

SHOP ) . 

DSPD) 

TX3). 


(RESTQR102). 

I RESTORl 04). 

I RESTORl 06 ) . 

I RESTORl 08 ) . 
(RESTORl 10) . 
IREST0R112). : 
[RESTORl 14). 
[RESTORl 16). 
(RESTORl 181 . 
IRESTDR120). : 
[RESTORl 22). 


1). OPTIDNID). 
( RESTORl 26 ) . 
IREST0R128). 
(RESTORl 30). 

I RESTORl 32). 


«■■■■ n 

{CmmmM IS THIS 1ST FRAME OF COMMUNICAT ION COMPUTATIOMSI 


I GO TO 16500. B174) ICNGF 


■ [rTTpg.s* 


INC.NE.INT^ 
—C RK+D) 


NO. OF R/C FOR NEXT SCRN SETsCQUNTER Li 


PLHCpH/r lists hno. if 


:OMMON/RTMR[N2/ 

OTHRR. 

OTHETA. 

OTHQR . 


OTHSETfl. 

RESTORl 35). 

ROLL. 


T(3S) . 
TETRQ. 

TETflE. 

TETRL. 


TIME. 

VI . 


V2. 

XOHN. 

XPL135). 


YOWN. 

YPL135) . 

20NN 


. R9LXI21. 

R9LY12) . 

R3RX12). 

R3RY12), 

R15XI 2 ) . 

R15Y12) . 

R21X12) . 

R21Y12). 

XNREF14) . 

YNREF141 


CRLI. ■ 

yCRLL UPKSPLl IS IX . IE I6HT . I rRRF2l INUM ) . IPTRRF2 .TFMPR ) 


[lENTER^TEMP~Rnn 


iCMw time to enter NEN r7c it > ITRAF I INUmTTdTI 


■ TYPE FOR COMMUNI 


f^'^l IT.lt. lENT^ 
-<r R) 


[LOGICAL MSGTYPI 


_TABLE. INTEG. RNO LOGIC EQUIVALENCE FOR COMMUNI 


EQUIVALENCE ( INTEG(35)‘."MRXQUE) 

L • I INTEGl 18) . ICNTF ) . ( INTEG133), NCOM) 


EQUIVALENCE 

I INTEGl 08). INC) 

.( INTEGl 12) . lOUT) 

.IINTEGIRO). m 

.( INTEG170). IBEG) 

.(LOGICIOS). MSGTYP) 

. ITRBLE116). PELT) 


.( NTEGl 10) . 
.( NTEG138). 
.( NTEG141). 
.(TABLEllU. 


lIHEMrTEMPRTTTi 


Cmmnm fl/C DEPARTURE OR RRRfW] 


* ■ ■ DIMENSIONS FOR COMMUN 


TEMPRl 2 ) .^ 

<T .1 .) 


T 







PAGE 6 


PAGE 1 


l*S -. 6 J 



|R4 |PG.6 I 



|Bg lPG-4 I 











PRG£ 3 


BOTTOM OF PRECEDING PAGE 


ICOMMl I ).E^ 

^ .0) 


DO BOOS J J= i BEG . NCMS6T> 


F^^^ultt.lt.icm^ 

-< SGUI.JJn 


81 35 I 
rCONTlNUE I 


will transmission be complete next scan fcMirriTn 


80 Q5 1 

" ICONTINUEI 


^V^^ncoMm I) 

-<r -n 


PLACE MESSAGE IN REAL TIME OUTPUT RR^ 


|KK=NCMSGT| 

iJJJrKk^l I 


lCMSGU(.JJJ)sICf1SGl(r.KK) 


rCMSG2( { . JJJ )s ICMSG2(I .KK I 
ICMSG3( I ,JJJ);ICMSG3( I ,KK ) 
JJJ=KK 

KK=KK-J 


vCflLL UPKSPLi I0N£.I5IX.1CMSG2( I . 1 ) . IPMSG2 .TCMSG 1 


CALL 

. CRLL UPKSPL ( I ONE . 1 THREE . 1 CM5G3( 1 . t ) . I PMSG3 > TCMSG2 ) , 


IDENT=0UT13) 1 
I CLEARS 0UT(6) 
0UTl2) = ICMSGin.n 
lOUTs3 

DUTI 1 )s[ 


SEND PROPER CLFRRRNCEl 



0UT(7)| 
IlSUB = OUT(B]l 


\ZmmmM SEND PROPER CLERRRNCEI 


DO 8190 NsI.NSCRN^ 


ICMSGK I .JJlslLTT 
ICMSG2U .JJ )sIFCnSG2( I .J) 
ICMSG3([.JJ)sIFCf1SG3(l.J) 
T£HPSstrCMSGl([.J) 


FV^(lRTRflFl(N)>\ 

-<r NE.IOENT ) > 


.CALL PflKSPLl ITHREE. [THREE. ICMSG2( I.JJ1.IPMSG?.TFMPS1 



Owa UNPRCK ETR SUBSCR[PTS OF PRESENT PATH 


CALL UPKSPU IF0UR»IFIVE.IRTRF21[N) ■ IPRPRTH .TEMPR 1 


IflTRF22(N)T 
-< GT.-300) 


DP 8100 JJJsJ.NFHS'^ 


JJ=JJJ-J+ I 

IFCMSGin .JJJsIFCnSGH l.JJJ) 
IFCMSG3( I ,JJ)3[FCMSG3( I ,JJJ) 


^ tFCrtSG2(l.JJ)sIFCt1SG2(I.JJJ) 


I NCMSGt I IsNCfISGT 


IflTRF21(N) = [RTRF23(N) 
IRTRF221N) = 0 
1RTRF231N) = 0 
IRTRF24(N1 s Q 


ICw COMM IN PROGRESS ICOMMU) t 01 


' CHTT ■ 

^CHU- UPKSPL[ IFOUR.invE.lflrRFai(N) .IPRPBTH.TEHPRI 


CHECK TO SEE IF HESSRGE SHOULf] RE RPPLl?5~fO PRESENT PflTHi 


II TEMP = IEWRI2II 

IlHPflTH ; 1 I 


340 






PAGE 13 


PAGE 15 







PAGE 17 


! ID 1 SG 311 .JXI = ICP 15 G 31 ~I .JJl 


INCMSGT = NCMSGIIl 
iNfnSGT ; liFPSGni 


( NCMSGT -LT 


iNL'riSGH) = NCnSGT^ 

4 

CRLI 

yCRLl UPKSPLl 1 THREE. 1 THREE, ITFMPfla, I PMSGa. TEMPI 
rmiFs = UEnpflil 


I ITEMP = TEMP'OUTOI 


ITEUPS I TEMP 5 tGmi 3 f/DEL TI 

,, Jt' 

CRLL ' 

V .CR 1 .L PRKSPLi ITHREE.IIHREE.ITEMPn?.IPHSG 2 .TEMPSI 


< DO BIST JX= 2 .NC( 1 SGT"> 

, t 

CRLT 

,.GRLL UPKSPLl lONE . lONE . ICnSGBI I .JXl ■ IPnSG? .TEHPI 


F ron-NE-iDM' 

-<r 1 1 



CPLL \ PAGE 18 

vCRlL UPBSPU invE.ISlX.ICnSGai I .JXl.lPHSGg.TEPPHI X 


IJ.I = 1 I 

NfMSGIhNFMSGI 11 


IFINFHSGT.LT .1 



DO SISI JJ-I ,NFi 1 SGf> 


, F/'tFnTFNP.lT.i>'. 

4 - • C C’lSGIII .JJl I 

TOP OF NEXT PBGE 


F ^^^FITEMPflni.EO. 

a. .AND. TEHPm 
si.EQ.ouTien 


OF PRECEDING PRGE 


81 S 7 I 
ICONTlNUEl 



W = NFHSGTI 

Ijjj = XK »1 I 


««. HIRCRfIFT IS RECEIVING RN EMERGENCY 360 RNO HRS H SPEED CHHNGE MSGl 

b^en received, time to send speed nsG must be 

■■■»■ LHHNbED » 


ITEMPfU = ICMSGII .JX) 
ITEnPfl 2 = ICMSG 2 f ,JX) 
1 TEMPA 3 = 1 CMSG 3 I .JX) 


: IFCnSGK I .JJJ> ^ IFCnSGKI.KKl 


IFCf 1 SG 2 ( I.JJJJ = lFCMSG 2 (l.KKl 
1 FCMSG 31 I .JJJi = IFC«SG 3 n .KK) 
JJJ = KK 
KK =■ KK -1 


JX .GE .Ncri^ 

— C T ) 


DO 8153 JJzJXX.NCriS^ 


IFCMSGII I.JJ) = ITEMP 
IFCMSG 21 I.JJ 1 = ITEMPR 2 
IFCMSG 3 (I.JJ) r ITEMPR 3 
NFMSGI I ) = NFM 5 GT ->1 


JX = JJ -1 

ICMSGUI.JX) = ICMSGHI.JJ) 
ICMSG 2 II.JX) = ICMSG 2 n.JJ) 


342 








PftGE 21 


PAGE 23 



|B13 lPG.19] 






PAGE 26 


PAGE 




’'0UTI3) JT.OUT(H)'.OUT{51.0DTT2T7 

IT LnE » 1 OUT ( K ) »Ks7 . 10 ) 

|iB^::Ql 

/ C^T 

XCALL HRT218(TYBUF.TBY.Ixn X 

4^ 


[CI^IPG.26 1 


fcis Ipg. gs~l 


<G 


/ crLl. \ 

X CALL READY X 

"ts qaeJ? 

ICONT'lNUEi 

3* 


lOflCin = -0.25 
ICQMMt I )=1 
lOENTsQUTO) 

I CLEAR = 0UT(6) 


ISSUE aEHRflNCTI 


|B13|PG.m 


I 

8325 I 


CRH 

CBLL UPKSPLI ITWO.lTHO.ICnSGPI 1 ,1 1 .lPHSG2,TEriPSI 

J? 

[Icowil 1)=TEMP5I 


iRlBjPG.Ul 


£■••• '^o.be brought into the active lisTI 

C»»«» GOtIPUTED GD TO SBSED ON WHICH CONTROLLER ' 


|C16|PG.26 


PAGE 


SAOn . 

I GO TO 18125. BH26.8S00.8SnD.B300,8300.H3nn, 8300. 8300. 89001 I I 


cn' 

p'g.2B] 

C17 

PG.sal 

ani 

riim:ii 

cie: 

IPG .281 

IliBil 

lileficM 

ID^ 

IpG.30 


laeticiill 


iPG.301 

liBil 

tSES] 

[D^ 

PG.30 


, j;»=0» HKt THERE H/C IN THE RRRIVRL OOEUE ^ 

IcnlPR.PB .PR I C«»»» CONTROLLERS 1 RND 2 — RRRIVHL CONTRDl l.FRsI 



c.... PUREE n/C RND CPI IN CCHECK FOR CONFLICTC ARRAY —I 

4’ 


lCfl=lCfl->l 
ITEHP=IENROm.U 
IflCTNKICHl = ITEUP 
IflCTHei ICR 1-1 


< 


CRLL 


CALL UPKSPLt IFlVE.inV£.ITRflF2( ITEHP ) . IPTRAFg.TEMP ) 


> 


IIRCTN3nCRJ = I 

STARTfll [TEMPI 

f T 

0 ' 

1 


^ |D20|pG.30| 


IClBlPG-eS .281 


C«»«« ARE THERE fl/C IN THE DEPARTURE OUEUE I 

C»»»» CONTROLLERS 3 RND 4 — DEPARTURE OONTROLLERSi 

^50 0 4 
E33] 


344 










PfiBE 1 


PfiSE 3 


( SUBROUtlNE CNTRLflC ) 


rOWDN/RTHRIfW/ 

R. RNGLE. RN62. 

IRT. IC^l, 


ILQSICRL LDISr.TDISOt 


COHtlON / REflLTW/ flOCl32l .DflC164l j 
traPER .NHOLD .NRESET .NTERtI .NPfi !NT .NR 

JlISIdOBl.LOISOdSB). ' 1 

p _! 


[ , 

TaBLE(D76,. 

u0GIC(20) 1 





CONTR. 

INRC. 
JOE. 
LLLP3. 
NFH5GT . 
Rl. 

XB. 

VB. 


I. 

'CP. 

tc. 

SR. 

.WETR. 

JPl. 

M. 

NTEMP. 

SEPCOR. 

TEWONN, 

TXC. 

XCLR2. 

YI 


IflflLT. 

IDT, 

INQR. 

ISO. 

IHHPl. 

JS. 

fIM. 

N360. 

SPEm. 

TEHF. 

TXI. 

XI. 


IRNG. 

JTpiP, 

flMH, 

RRTE. 

TRFIX. 


tVfl. 

XLID. 


ID). 


pOmiON/fIRJQRl/ 
RCLStSOI, 
RRRttNR, 
CGLIDE. 

CRR30. 

D 6 RTD. 
ENR0Tfl(2). 
6i-IDE(21. 
IR^. 
£CHKPT(40). 

loibuTEno). 

INRVnO.5). 
IPRSKEDU.l). 
IPCNTfel4.2). 
IPERFSC4.8K 
IPETR2l‘i*6). 
IPRSG3(4.3). 
IPOPU2). 
IPQPTN(4.3). 


RLTOPTO.7.2) 

RRRtlXR. 

SPio. 

DTR. 

FTffl. 


HOLDSEP. 

IRRTlin. 

ICNIRRUBS). 

iKthe. 

I^TNISS). 

IPCHKPTU.G). 

IP[»T(4.5). 

IPERFTO). 

iphrisi- 

IPWRTH14.7). 

ipqH»r. 

IPSKEDtit.B). 


RLTSKD13). 

BOUND. 

C^20. 

CRB30. 

|t^OO. 

IRRRN. 

IK^(llO). 

ICNTRR2(85). 

IPflPfiTHtH.Sl. 

IPCNTRKH.B). 

I^FR13.7). 

IPCTRU4.4). 

IPHSG2l‘i.61. 

IPNSITE(4.4J. 

IP0PR12). 

IPTRSt4.5) 




:0riM0N/I1flJQR2/ 




IPTRRFU4.4). 

IPTRRF2(4.3). 

ISDST(17). 


ISKDPU. 

ISKED(B5). 

ISTflRTfl(21). 


ITRNG(2.2). 

ITRflFld02). 

ITRRF2(102). 


MflXK. 

NF. 



NRLTSKD. 

NCP. 

NDEPR. 


NNflV(5). 

NNPRTH(5Q). 

N0UT(20). 


NSPDW . 

0UT(26). 

PI. 


PPtlXO). 

PPMY(3) . 

RCP(2). 


RTD. 

RWYX(4.2). 

RHYY(4.2). 


RWYZ(2). 

SH0LDI3. 

SP0ST(5(3.2). 


SQX( 6 ). 

SQY( 6 ). 

TRIX(S). 


TRIY(5). 

X0ILS(2). 

Xfl(2). 

X0IST(2). 

XC(2). 

XFINRL121. 


XRP0S(2). 

Yfl(2). 

YC(2). 


YRPOS(21. 

RR0(3). 

SI6(3). 

IflRG 

. IFTCOQROB). 

IPFTC(4.2). 

IflCFPERO) 



OpnON/TOES/ IQNE.ITWO.ITHREE.IFOLW.IFIVE.ISIX.ISEVEN.IEIGHT.ININE 


C ! ! OF (4.0) 


IN gVERLRYiq.OJ RND ALL 5EC0NDRRY OVERLAYS R 


OfinON/RTnfllNl/ 
flSKSP0(35.m.RSPflCEH 
^Tfi. CONfLC 




OBEG(3S). 


4 .3 ) .flSPflCE2( 4.3) .R5PRCE3{4.3 ) . 
f. DELHI 3S). 


Ifl(2). 

IRC. IRCTNK35). IRCTN2135), 

IRCTN3i351. IflSKEDl35.m. IRTRS05.2 ) .ICN60. 


IRTRRn 35.26). 
laRSS. 
IChSG3t8.5). 
IDELRY. 

IE7RK 36.10). 

IFCMSGU8.25). 

IHQW. 

lOPRTH. 

ISE(3UE(3.16). 

ITRY. 

L. 

NCMSGUO). 

NFrtSG(lO). 

NSEQ. 


ICR. 
ICHS6KB.5). 

icomno). 

IENR0T12.20). 

IETR2I3B.I0). 

IFCMSB218.26). 

IQBETR. 

IPflSSRC. 

ISH4. 

IWHlCH. 

LEMG( 6 ). 

NEMG. 

NH0LDP13S). 

010^35) 


CRCT. 
CNS62(8.51. 
0 ( 2 ). 

ETflS(3S.2). 

E360(60). 

FCt1SG3(8.2S). 

OEETfl. 

SEQ. 

-TOQUE! 2. 20). 
KNTP. 

NflSPflCElH). 

NrifllSB). 

)^R(3S). 


:0Mt1DN/RTMflIN2/ 

OTHRR. 

OTHSETfl. 

T(35). 

TETRO. 

V2. 

YOWN. 

. RSLX(2). 
R15X(2). 
XNREF(41. 

SEsfoR(35). 

TETRE. 

XOW^! 

YPL(3S1. 

R3LY(2). 

R15Y(2). 

YNREFI4) 

OTHOR. 

ROLL. 

TETRL. 

X^L( 35 1 . 
ZOHN 
R3RX(2). 
R21X(21. 

R3RY(2), 

R21Y(2). 



x: : 




« SPECIAL COMMON FOR CNTRLflC 

•«««■ 



:0f1H0N/RTMflIN3/ 
RLTLin. 
HOLOTin. 
'RCTPT. 
DENT. 

HEM. 

RCLR. 

TEW»RnO). 
TRYf 


!YEH. 

WC. 

IRSPO. 


tryI 
VRRS! 
-HHCH. 

J. 

JJJ. 

K. 

KK. 

NCLRD. 

SRVE2(35). 

TnSGfl( 6 ). 


ORLT. 

HTI. 

*CNT. 

DVER6. 

kf- 

TEfIPS. 
TRYSH . 
TYPCL. 
VECT2. 
-HHCNTR. 
JGO. 

JL. 

KGO. 

K3. 


SPOSflV. 

TWSG^(3). 


DELRYT. 

HT2. 

ICONTRL. 

lETT. 

ITRYDVG. 

ITRYSPO. 

SiJffio. 

IWHSPO. 

JJ. 

JTEHPflnO). 

KRLTOP. 

LIND. 

SflVEOS). 

TETROM. 

RCFNm2) 


pUJIVRLENCE lINTEGIQB 
I (INTEGIIB). tCNTF 


). NFMSGO), aNTE6(071. KRET), 


OUIVRLENCL 
(INTEG(Oe). 
I IN 


I 


INC) 

6(12). lOUT) 
6(331. NCOni 
6(41). NSCRN) 
“(031.flLTR(l.in 
(16). OELT) 
(23). PflSEP) 
(381. SRSEP) 
(411. SCLE) 
(43). SEPPdll 


.(INTEB(U). 

.(INTEG(30). 

.(INTEG(40). 

.(!NfEG(46). 

.(fflBLEdn. 

.(TflBLE(22). 

.(TRBLE(241. 

.(TRBLE(40). 

.(TflBLE(42). 


.(TfiBLE(f21.VECERR) 

X 


10 ) 

MRXflC) 

IT) 

(1SG(1)) 

TEMPS) 

H0U3T) 

POSEP) 

SCLR) 

SCLN) 



piHENSiaN 

HTRF(F(35.26). 
RTRRF4(351, 
IRTRRFBOS). 
IRTRF16(3S). 
RTRF2Q(351. 
IPE^Sl(4). 
iPERFS7(4). 
SEQUEO.IB). 
ISCLRSO). 
RR^Ol. 
T0FF(3). 


Dimension dl(3)( 

X 


IRTRRFIOS). 

RTRflFSOS). 

IRTRRF3(35), 

IflTRF17(3S). 

IPERFS2(4). 
IPERFS8I4). 
ISRC(3). 
TflRROl. 
RB20(3) . 
T0W(3) . 


flTRRF2(35). 
RTRRF6(35). 
IRTRF11(35). 
RTRF18(3S). 
IPERFR613). 
IPERFSS(4). 
TEttPfl(lO). 
ISIOEO). 
SVEL(31. 
RB30(3). 
[TE{3). 


lEQU I VALENCE 


X 


RTRRF3(3S). 

IRTRflF7(3S). 

IRTRF12(3S). 

RTRF13(35). 

IPERFR7(3). 

IPERF86(4). 


RR20(3). 
TCP(3) . 
RN 6 ( 3 ) 



'iTRTRflhl.n 

(flTRBFll.B' 

IIRTRRFd.) 




igm 




.ISEaUEd.2) 

(SEQUE(1.4). 


ISIOEdl). 
TRRR( 1 ) • 


(RTRRFd.13) 


PERFRd.7). 

PERFSd.2). 

PERFSd.B), 

PWFSd.B). 

I1S6R(2). 

HS6R(4). 

EMPRd). 

SEQUEd.l). 

_^QUni.3). 

SEQUEd.5). 


IPERFR7dl). 

IPERFS2( 11). 

IPERFSBd)). 

IPERFS 8 d)). 

XfISGL). 

XCLERR). 

ITE«PR( I ) ) . 

ISRCdU. 

ISCLflSd)). 

SVEL( 1 ) ) 


iOUIVRLENCE 

(SEQUEd.B). 

(S|(2UE(1.8). 

8E(3UEd.lO). 

iSEQUEd.l2). 

(SEQUEd.14). 


|g » ■ CONTli^RTION OF CNTRLflC EQUIVRLENCESi 

X 


(SEGUEd.7). RflSOdl). 
(SEQUEd.B). R630d)). 
(SEQUEd.U). TOFFd)). 
(SEQUEd.13). TGRTEd)). 


piHENSION 

lOPTigNOl. 
FETR(3). 


IflTRF22(35). 

IPERFR3(3). 


FS3(4). 


IRTRF23(3S). 

IPERFR4(31. 


RTRF26(35) 


IRTRF2H(35). 

IPERFRSO). 


btflENSION IPERFR1(3) I 

EQUIVRLENCE (IPERFRd.l), IPERFRldlll 


:®iVRLENCE 

21 , iflTRF21d)). 

23). IflTRF23(l)l 

XETR). 

(tn5GR2(2). XmNF02). 
(ISEQUEII.I6). FETfldl). 
IPE^Rd.2). IPERFR2d)). 


(I 


(IPERFRd.4). IPERFR4d)). 
• IRTRRFd.fe). RTRF26dl) 


;flIRflFd.22). IRTRF22d)). 
.flTRflhl.24). IRTRF24d)). 
flSGROd). XNINFOU. 
MS6R2(3). XniNFOS). 
:PERFSd.3). IPERFS3(U). 
PERFRd.3). IPERFRSmi. 
PERFRd.S). IPERFRSdl). 



1 lOGtCRL L 06 ICI 



i 


6 B a DIM. + TYPE FOR CNTRLflC 1 

MAJOR COMMON BLOCK CONTAINED IN ALL OVERLAYS AND PRIMARY SUBROUTIN 
****** — 1 

1 PIMENSION 

1 I MS612Q) 

. RLTfl(2.2) . SEPP(21 1 


r 

ia 9 m TABLE. INTE 6 . AND LOGIC EQIV. FOR CNTRLflC] 
£ 
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PflSE 5 


PflBE 7 


QUIVflLEf 
(RES* 
(RES 
(RES’ 
(RES’ 
(RES' 
(RES1 
'RES^ 
RES' 
RES' 
-RES' 
(RES' 

m 

RES* 
RES* 
RES* 
RES* 
.RES* 
(RES* 


(OU 

03) 

05) 

07) 

09) 

lU 

IB 

17 

19 

U 

27i 

29) 

31) 

33) 

3ii 


fe’ 

TOTD). 

pi- 


STpIP ) . ■ 
SUBO). 


(RES* 


0R(Q2 

0R(04 

dS (08 

OR(lQ 

0R(“ 

0R( 

0R( 

0R( 


. NUn^flTH). 

. NSE(ai)> 

- nST2). 
SUBCK). 


I8L_ 

XLH). 

PSpQOt^ J 

DHLT. IDPTIONU). OPTSONUI 


ICflCT2). 

ISUBN). 

SEP). 

XLB). 


u#f>- 

TX3). 




IRESTDR135). INDSFDI 


3 


» • DIMENSIONS FOR CNTRLHC 




I 


IF( 16 ) 


(SION FSS(IB) 

EQDIwI'FNCE ILDISKSS). FSSl u : 


;0 TO 18000. 21822. 2H10. 2HS0S. 258S0 . 26360 . 26100 


I ICNGO 


A1 

P6.6 

jie 

PG.77 

K6 

PG.80 

mo 

PG.98 

P7 

PC .110 

PIO 

PC.U2 

P17 

PC .115 

C7 

P6.30 


1 IPS-S 




INFHSm ; ol 

It.... check T o see If k^tr O iifR OctIon is needeoi 
nTFMP ; iN'^NCOn-ICNtFl 





3 


llmll UW»RCK TOTAL DISTANCE BEING CHECKED AND CONTROLLER RESPONSIBLE 
t»9W FOR ACTION 

■■■»» 


tell 


.ran UPKSPLnQNE.ITW0.ICNTRR2 (ICRCT).IPCNTR2 
IlCgNtRL^EMPRn) 

1tqTd=teRpr(2) 


.TElfHI ^ 


, 3: , 

COMF1 ITFD GO TO BUSED ON TYPE CHECK NEEPEOl 

4- 


S To 1 10000 . loggo.i 

nn.iinnD!.lTYft:L 


1000. 12000. UOOQ.llOOG. 1 1000 .50000.150003 


Ea 


'lira 

S^Qi 


IkcBlJ 


IktBiil 


IktBH 



liSI 

Iktflil 

m 


liWH 


nlH 

fgtgin 

na 

iggfi' 


T re. R WR ltll^ iN QUEU E FOR CONIROLLER flCTlONi 

inoQO w 

llNm=lfcTNHtll 


• C ran UPKSPI l-lONE.lONE.'^T i ^INFXTl.lPTRflFl.XDFNT l^ 


3 



7 

/ £0 
\ rffll IIPKRPI ( lONE.IONE.ITF 

Brat INFXT 1 . IPTRAF2 .OSPO ) ^ 



tosRo=osF 

0/3600-1 




la 



3 : 


,!?^eI*T 

Tfl: " 

BG) 

IPt 

m 


kSgumsgu ) 


j||tro=TIHE +XT1SGL+1. 




< Tral I UPKFP 1 1 1SFVFN.1N1NE.1TRBF21 IN FXTl .lPTRflF2.TEHPSI X 


.OflLT) ^ 



. ran UPKLNtl ICraSSllSlX.lPERFSl .l ..OSPDl . 

3, 


Ire IPS. 7 I 


msPn;D5ro/36U0. 




ONTINUEI 


100764 
I COttT)t 


SO 


It.... IF THIS to IS R b EPRRtUftE. R RUNWAY CHECH MUST BE DONE BtlUKEI 
t:.... THE EENERRI. CONFLICT CHECK , ' 



lc"Z; 15^ DF^TURE FRON THE NORTH OR SOUTh) 



TO ^ ^ |A6 1P6.9 
, lOlOO ) ' — 


NORTH DEPflRTU^ 


Pfl=: 

,.sfl=: 

IPD=; 

!isd= 


MRS! 

ARRNi 

”PS' 

:pn 


TO ^ ^ |A6 IPG.9 

i 10160 ) ‘ ' 


347 









CHLL UPKSPUITHD.it 


f>^^(TlKE.GT.(T^ 
-cT HPS+5EP)) 





''^NETfldPO^E'^ 

0*0) 




^rt 




( TO ^ 




\200C0 j 



1 

1 


DO 12005 K=1.4 


l!l!isia^n?iiil 


RFS(K.ITEflP) 



















CALL UPKSPUrFOUR.IFOUR .IC NTR flK IC flCT ) ,I PCNTR1 .TEMPS) 


. rflLl MPKSPLHDNE.irHD.ICHKPT(ISUBCK).IPCHKPT.TEHPfl) 


ISUBO=TEf1Pfl(2) 

lSUBN=T|HPfl(n 

iTEMPzNETflUsiJBO) 


TOP OF NEXT PRBE 


^IF(SQRTnTXI-TXC)« 
2+fTY[-TYC)M2).6T. 
(RCPt HEMJ-.SM 


DO 1212S J=l.t1TEHP> 


. rflll <iPKSPL110NE.ITHREE.IETflinSUB0.J).IPETfll.TEMPfl) . 













PRSE n 


PftBE 





LOOK AT R/C IN FRONT OF PRECEDINS fiTC] 


.12166 


IJTEHPr ISEOm-H 


r TO \ 

. 12200 / 









PAGE 23 


^}=:5»t ITEM^T-THRRt IJEtTi l»TEnP-fl-Bl| 


F^^^(IHrSIO£.EQ> 
—C 1 .AND. INDR.E 
\0-OJ / 


— <L • 2) 


OECCOR - (flTRHFbURC)-SVEUrTEMP) J»«2 / tE-QaTEMPSuSVELl ITEl 


Rl = RUQ.'^ 


F ^^FnHISIDE.EQ.l 

.AND. INDR.EQ. 
0 .AND. TVNLT. 


nPJ.GT.TARRtJTB 

.nr) ) 


OECCOR ♦ A.7/SVEHITEHP1 - 4.7/ATRAFS(IAC) 

I FRrar = TEMGRT t l^COR - DECCOR 
=Rfl20nTEfr) 

=RB20nTelff‘l 
FWG” I 

l=.5»UTEri6flT-TRRR( ITEMP1)»TE»*-A*B) 

1 = Rl f O.L6 I 


(Rl = Rl + 

mu 


n— SVEL(iTEnP)/SVEL(JTEHP)) • (Rl+XDIST( IHIS 


F ^-.^^iimdr.eq.o .and. 

gl-LT.OHITErfPJ-O.l 
-<r S-IB.0»SVEL1 ITEFf*) ) 




1 Rl = 1 

>ra-3g..l 

1 ^ 



F ^^^IFlSEPCQR.EQ.g. 

.RWJ. TftfiRiriE 
nPJ.GT.TflfiRUTE 
^\«pn 


1r 1 = DLllrCTPl-Q.lS-I5.D«SVFI.( rTEHPl 


F^^.^^Fn^.FQ.1 


( I .-SVEL( [TEflh/SVELl JTEtlP) J • (Rl+XDIST( IHIS 



= DHITEHP)-Q-lG-li 




iniNOR.EQ.l .R 

n&.,r,.lKolut 


Rl - XCtTErpr 


TGHTEIISEQ) = TOIGRT 
t^FlISEOJ = TEftOFF 
T0NN(I5EQ) = TO10NN 
JOE = I8IDEII5EQ) 

WG( ISEO)=ITRNB(JOE 
IND= 2 

IJEhP = ISEOn 
JTEHP - I5EQ 



1F(R1.LE.(2.-X^ 

DISmH&l))) 


lfl=RR30(ITEf1PJ 

MbX(ITEMP) 

llfiNG=2 


ppiiTmr 

B rseO)=ITRNG(JOE 
E=AN6nSEQ) 

= ANGLE 
TR=I(Cn+4 
PS=TEtiOFF/DELT 


F^^^(RMOO(TENOFF^ 

.DELTI.GT.O.l 


1F(ISEQ.LT.3) 


ITE(1PS=ITEHPS-»1 


riTEMPS=TEHONN/DELT 


35 















neE 33 


PRSE 31 








PflGE 37 


PftGE 39 



T 


355 











P9BE 4t 


|E6 iPG-itfl 



i=DIsn>>-D{sYg 




lc»« CONFUTE Rtiotll 

W o(^ YthE IN TuRnI 

i 

z 


< 


cik- \ 

CALL UPKSPLl [THREE. ITHREE^QPTNtrSUBOPlJPOPTN.TPfft X 
/frm^TEMPi 


< 


TSLE 


CALL UWSPLltFOUR.lFlVE.KNPflTHtrTEHP).rn<PflTH.TFf1Pfll 


> 


» l=TEhPfl( 1 1 
2=TEffffl(2J 
fl( 1 J=TURN 
fl(21^PHfl 




CRU PSXSPL(lTWOaTHSgr:T»ailSEGU.ire<ED.rEfPRI 


;> 


< 


CBU. PHXSFUt IE16HT 




IHlUSESll.lPSKEO.rEnPI 


> 


^CRLL PflKSFUnTNO.lTWd^^^felSeGgl.lPSKEO.RLPHHl ^ 

&• |E6 |F»G.46| 


PHGE 42 


( TO \ 
(20000/ 



PR6E 4 









PRGC 45 


PflGE 47 


ilBO.TYBLJR XDENT,IflC.ITaf .JTEHP. 


IkHI 


ITRYDVG=0 
IVflRSP0=0 
{HHSPO = 0 
ITRYSPOrO 
ITRYVECrO 
HOLOTTfl = 0. 
fOIrO 
TX = 0. 

TX3 r 0. 

LINOrO 

XMSGLrO. 


CflLL l<RT21B(fYBUF.raY.rxn 


«« LpCRTE ETR QESaiPTOR INFOIICHKPT) AND OPTION (lOPTNJi 
LM LQCRTE NEXT CONTROLLER ACT TON POtNT | 


'criP^Y. 


^CRLL UPK8PUIF0UR>ISIX.rCNffWl(ICRCT).IPCNTRt.TErPflJ . 


SU8CK=TpiPfi( n 
tcflCT2=T^rai31 


ILL OF ETfl DESCRIPTOR 


I DELETE fl/C FROH RSPRCE 


V CflLL UPKSPL(IONE.rSIX>rCHKPTtISUBCK),IPCWPT,TEnPfl} 


1F(J.EQ.JTE«PP 


pipiin 

SEP^EHfflO) 
XLfl=TEMPm4) 
XLB=TEMPfl(S) 
IRSPCON=TEff»flrB) 
ICNT = 0 


[{:■«■» UNPACK ALL OF OPTION ARRAY I 


V CflLL UPKSPLdONE.ININE.IDPTNI rSUBDP).[PQPTN.OPTrON) 


DO gPOOS K=1.3> 


OQ 16226 JJ=JP1.JTERP> 






TI0N(K)=0PTI0N(K)[ 


f>'''^lTYPCL .NE^ 
.flfC.ITYPa.NE 




























PRGE 61 


PflGE 63 


BOTTOM OF PRECEDING PflGE 


F.-^(RflLT.LT.RR^ 
-<C MNfl) 







FRGE 66 


P«E 67 







-&■ It? IPG -Ml 
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'U' 





PPGE 69 


PR6E 71 















PflGE 79 















PRGE 81 



eOlTOn OF PRECEOING PB8E 


K7 P6. as 


I 


TO 





ENC0DE(10H.gl60.TyBUF) ISUBO.KKK.lTEtIP.ITI 


X 


umin. 







-&• |L3 IPG.881 



PHGE K 









PRGC 86 


PflGE 87 


•jn 


TRF231 JJ)=0 

eiiW.) = NNRCJJJ-lflTRFaHtJJJ 





367 




























PflGE 37 


PflGE 

















PRGE t06 




PflSE 1 


iMin IPQ. 102 I 




~HES5ftGESl 


!Sij3fl: 


lOOO.gSTQOl .tTYPTl 


Lge Ipg. i^ 




■OL - IQ7J 


CROSSHAIR 




UU« 1 

P2 

PG.IQ7 

P3 

PG.107 

P4 

llatfalti;! 

R6 


f*i 

PG.loe 

P4 

PG408 

I»6 

linniiaa 

R6 

I3MIH 

R6 

MIH 

R6 


P4 

liitlllltlM 


K<L7T=ITtl 
gnS6L=nSG(U 


HKKIVm. CLtHKflNCE tlFSS^ 

issoo i 


feCL^RR=NSEai 


rfl=ISUBN 

:RflL7/l00. 


IRO-NDEPR-1 J/2+l 

N •Q3=Q 


^ 

IRSSI6N gSBOn Tn KBnl 


-» Ipi3 IPG .1161 


!!:«««» DEPSKIURE CLFHRflNcei 

J 


XL77s:rTfI 
XMS6L=MSSm 
XmNF03=0. 
<CLERR=NSE6M 


NF01=flm.7/lOO. . 
NF02=IftT^12f tpril 

E 


TrSSIEN SQOOQ kKQl 


PAGE lOL 


fpiaiPG.llS I 














PAGE 113 


PAGE u, 
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PAGE I 


PfiGE 3 


C SUBROUTINE ETflCOtf* ^ 


LQGICflL LDIsI. LDISOI 

X ~ 

bdnnON / RERLTIH/ flDCt32).DRC(64J .ldh 
Roper .hUOtO .NRESET.NTERfl .NPR [NT .NREfC 


LDISI(108).L0ISQ(136] 


pOnfl^TflBLES/ TRBLE({r7Sl. L0GIC[20)~ 
1 LQGIC^ LOGICI 

^ 


f MAJOR COMMON BLOCK CONTfllNED IN ALL OVERLAYS RND PRIMARY SUBROUTIN 


:OMHON/MAJORl/ 

RCLS(SQ), ALT0PT(3r7.2U 

ALTSKOO). 

ARRMNA. ARRMXfl. 

BOUND. 

CGLIOE, CILS. 

CRA20. 

CRA30. 

:RB2Q. 

CR03O. 

DGRTD. 

DTR, 

EHOLOO. 


:NR0TA(2J, 

'■TW1. 

6. 


3LIDEI2). 

40LDSEP. 

lARRN. 


RRRS. 

ARTdll, 

IBF(UO). 


Cg^TI^iO). 

DTOUfEdO). 

CNTRAKBS). 

ICNTRA2(851. 


DEPN. 
HPRTHE . 

IDEPS. 

I)#RTHS. 


NAVI 10.5). 

OPTN(SS). 

IPRPHTH(4.61. 


PASKEDt^l.TJ. 

PCNTR2(‘i.2). 

PCHKPTIH.6J. 

IPCNTRH4.61. 


PDRT(4.S). 

IPERFRI3.71. 


PERFSI4.8). 

PERFH3). 

IPETAKH.4J. 


PETA2(4.6). 

PFTRI3). 

IPMSG2(4.6). 


PMSG3U.3). 

PNPATH14.7). 

IPNSIT£(4.4). 

IP0PL(21. 

POPPA. 

IP0PRf2). 

tP0PTN(iI.9). 

PSKE0f4.81. 

rPTAS(4,S) 


:0MM0N/MAJ0R2/ 

IPTRRFU4.41. 

IPTRAF2(4.9). 

ISDST(17). 


ISKDPU. 

ISKED(8&). 

ISTARrA(2U. 


ITRNG(2.2). 

MflXK. 

NRLTSKD. 

ITRRFU102). 

MF. 

NCP. 

ITRAF211Q2J. 


NDEPR. 

NQQT(20). 


NNRVISl . 

NNPRTH(SO). 


NSPOW. 

QUT(26) . 

PI. 


PPMX(3). 

PPMY(3). 

RCPt2J. 


RTD. 

RMYXC4.2). 

RWYY(4.2). 


RWY2(2J. 

SHQLDO. 

SPDSTD(3.2). 


SQXI6). 

SQY(6). 

TRIX(S), 


TRIY(S). 

XR(21. 

XC(2). 


XDILS(21. 

XOrST(2), 

XFINRU2). 


XRPOS(2). 

Yfl(21. 

YC(2). 


YRP0S(2). 

RR0(3). 

SIGOl. 

IRRG 

. lETCOOROB). 

IPETC(4.2). 

lACFPERO) 


pmn^/raes/ roNE.t two, i three. ifour. if ivE.isix jsEv^N.I^tGhr.tNlNC '| 

PAGE 2 
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Reproduced from 
best available copy. 



iOUIVRL^E 

(RESTQR(Ol). 

TETA). 

ORLT). 

(RES 

r0R(02). NUfIPATH). 

(REST0R(03). 

IRES 

0R(04). ARLT). 

(RESTOR(OS). 

IREST0R(07), 

ETASEP), 

DSPO). 

(RES 

(RES 

r0R(06). FVEL). 
rOR(OB). TX). 

(RESTORIOd). 

TOTO). 

(RES 

OR(IO). NSEGMl. 

(RESTOR(ll). 

DSTl). 

(RES 

0RU2). DST2). 

(REST0RI13). 

DST3). 

(RES 

0R(14). ISUBCK). 

(RESTORUS). 

I SUBOP). 

(RES 

0R(16). ICACT2J. 

(REST0R(17). 

8TEMP). 

ISUTO). 

(RES 

0R(18). ISU6N). 

(REST0RU3). 

(RES 

0R(20). SEP). 

(REST0R(2l). 

XLA). 

(REST0R(22i. XLB). 

(REST0Rt23). 

IASPCQ4). 



(REST0RI24). 

IDRLT, lOPTIONm. OP 

lON(U). 

(REST0Rt26). 

lOSPO). 

(RES 

0R(26). IVECT). 

tREST0R(27). 

IVECOP). 

(RES 

0R(28). I0VERG2). 

IRE3rORI2d). 

lALTOP). 

(RES 

0R(30). ISPDOPl. 

IRESTOROl). 

I5H0P). 

(RES 

0R(32). lEHOP) 

. (REST0R{33). 

OSPO) 


. lREST0Rf34). 

TX3). 

(RESTOR(38), (NDSPO) 




; ^ 

lTO^lV2/yi-l.)«XLfll 


TO 

90 



lg3 lPG-3 I 


initialize TIMESl 

F — ^ 














PRGE 5 


PfiGE 1 













PfiGE 3 


PR6E 1 1 











PAGE I 


PAGE 3 



T .,.^FnSUBO.Ne.IOBETA^\^ F 

OR.ISUBN.NE.IOEETA- 

-< OR.NUMPRTH^NE.IOPAT > 

H) 60.70 


379 

















r ^^IFlIDOTH.ra.IR 
-<r TRRFlM.in 


'^F(NH0LQPCri).6T.0.fl 
ND.flB8(aflLT-QTHfWI. 
LT.IQ.J 7S.IG0 


mmmm BOTH R/C ON THE SRHE ROUTE 

ARE THE R/C FLYING RT THE SRflE RLTITUDF OR DO THE RLTtTUDES CROSS! 

1 PROF 6 


IF( ( RBS( RflLT-OTHfifl ) .LT .2000 . ) .OR 


(( OflUT .6T . OTHOR+ I 0 . J • RNO . ( HR 
LT.LT.QTHRR-lO.JJ.Ofi. 

((OaLT.LT.OTHOfl*lO.I:flND.( 
flaLT.ST.OTRflfi-^lO-jn 78.100 



F^-^IINDT -FQ.^ 


-C . 0) 


. CRLL UPKSPLnFlVE.IFlVE,IETR2nSUBN.n4HICHMPETfl2.0THflfl) 




siiBi 





/ LHLL 

\CRLL UPKSPLl [FIVE.IFIVE ■ 1ETR2( ISUBN ■ IHHCHnl 1 ■ iP£THg .OTHflfl 1^ 













PRGE 3 


PRGE U 


< 


CRLL UPKSPHITMQ.ITUn,lETflI(ISUBN.IHHCHni).IPETfll.QTHETfl) X 


TO 

236 


(fllT|pG-8~| 


IgjpG.B .R 


"^46 


ICONTINUEi 

[Cw IS THIS R/C SEPRRRTro FROM OTHER fl/C IN FRONT! 



|C«M« fl/C 5EPRRRTED WITH fl/C RHERD, 
TiTpG. 1 — ;7pC ffiy r/c behind nor called other r. 

%a Z 


. LOOK RT R/c BEHIND! 
R/C 



/ IHH N 

XCflLL UPKSPL(lFlVE.lSlX.IETRg[|SUBN.lHHCHPll.lPETfl2.TEHPSI / 

PAGE IQ 


lflnlpG.7 .3 .101 


IA'BIpg. 10 
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PRGE I 


PRGE 3 


( SUBROUriN 

E SPOCNTR ) 


t 

ILOBlCa LD 

tsi. LDISOI 


tofinON /'REntTm/ flDC(^).DflC(B4KLD^^ 
NQPER . NHOLD . NRESET VNTEWt . NPR INT . NRERD 



:OMMON/MAJOR1/ 

flCLS(S01, 

RLTOPTO.7,2). 

RLTSKOO). 

RRRMNA. 

RRRMXfl. 

BOUND. 

CGLIOE. 

CILS. 

CRA20. 

CRR30. 

CR820. 

CRB30. 

DGRTD. 

DTR. 

EHOLOD. 

ENR0TA(2). 

FTNM. 

G. 

BLI(3E(2J. 

HOLDSEP. 

lARRN. 

[RRRS. 


RRT(U). 

IBF(UO). 

ICHKPT(40). 


CNTRRH65}. 

ICNTRR2(65). 

I CELT. 


DEPN. 

lOEPS. 

IDROUTE(IO). 


HPATHE . 
OPTNISS). 

IW>ATHS. 

INAVUO.S). 


IPAPRTH(4.S). 

lPflSKE0(4.7). 


PCHKPT(4.6). 

IPCNTRH4.6). 

IPCNTR2(4.2) 


PORT(4.S). 

IPERFR(3.7). 

IPERFS(4.8). 


PERFT(3). 

IPETRK4.4). 

rPETR2(4.6). 


PFTR(3). 

IPMSG2(4.B), 

IPMSS3(4.3). 


PNPATH(4.7). 

IPNSITE(4.4). 

IP0PL(21. 


POPPR. 

IP0PRI2). 

IP0PTN(4.S). 


PSKE0I4.8) . 

IPTRS(4.S) 


:0ttf10N/nflJ0R2/ 

rPTRflFUH.4). 

ISKDPU. 

ITRN6(2.2). 

ttfiXK. 

NRLTSKD. 

NNflV(S). 

NSPDW . 
PPMXO). 

RTD, 

RWYZI2J. 

SQX(6). 

TRIY(S), 

XDILSI2I. 

XRP0S121. 

YRP0S12). 

lETCOOROS) 


IPTRflF2(4.3), 

ISKE0(8S). 

ITRflFU102). 

MF. 

NCP. 

NNPflTH(50J. 
0UT(26}. 
PPMY13) . 
RHYX(4.2] . 
SHOLOD. 
SQY(6)> 

xm 2 ). 

X0IST12). 
Yfll2). 

RROO). 


ISDSTn?), 

lSTRRTfll21J. 

ITRRF2U02). 



IflRG 



^ page 

POMMDN/TOES/ (ONE . I TWO . I THREE . IFOii 
hITEN 

LinvE.ISIX.ISEVEN.IEIGHI.lNINE | 


RERL-TIME IWIN COMMON IN 0VERLfiY(4,D) AND ALL SECONDRRY 0VERLRY8 fl 
PRIMARY SUBROUTINES OF (4.0) 


:OMMON/RTMRINl/ 
flSKSPD( 35.11). 

RSPRCEl ( R .9 1 .HSPRCE21 9.9) .RSPRCE31 9.9). 

CETA. 

CONFLCT . 

DELHI 35 ) . 

H0BEG(35) . 

HDONN. 

IA(2). 

IRC. 


RCTNK3S). 

IACTN2(35). 

IRCTN3(35). lASKEO 

35.11). IATRS(3S.2).ICNGO. 

IATRRF(35.261 


CR. 

ICRCT. 

I CLASS. 


CMS6U8.5). 

ICMS62(e.5). 

ICMSG3(6.5). 


COMM(IO). 

10(2). 

I DELAY. 


ENR0TI2.20). 

IETRS(3S.2) . 

IETRK36.10). 


ETA2O5.10). 

IE360(60). 

IFCMSBK8.8S] 

, 

FCMS62(8.2S). 

IFCM563(8.251. 

IHOHN. 


OBETR. 

lOEETR. 

IDPRTH. 


PASSRC. 

ISEQ. 

ISEQUE(3.16). 


SU4. 

IT0QUE(2.2O). 

(TRY. 


WHICH, 

KNTP. 

L. 

LEMG(S). 

NRSPRCEI4). 

NCMSG(IO). 

NEMG. 

NETA(36). 

NFMSG( 10) . 
NSEQ. 

NHOLOPOB). 

0LDR(3S) 

NNA(35). 


:0Mn0N/RTMH(N2/ 

OTHRR. 

OTHETR, 

OTHOfl. 


OTHSETR. 

RESTOROS). 

ROLL. 


T(35). 

TETAE. 

TETRL, 


TETRO. 

TIME. 

VI , 


V2. 

XOWN. 

XPLOS). 


YOWN. 

YPLI3S). 

ZOWN 


. R3LX(2). 

R3LY(21. 

R3RXI2). 

RSRY(2). 

R15X(2). 

R15Y(2). 

R21XI2) . 

R21YI2). 

XNREF( 4 1 . 

YNREFI4) 



[EQUIVALENCE UNTEG(4n. NSCRNIi 


DIMENSION 

lOPTIONO). OPTIONO), TEfffflnO) 



382 


VALENCE 




flSPCON). 

ORLT. lOPTIONt 
OSPD). 

VECOP). 

RLTOP). 

SHOP). 

JSPO) 

fX3). 


(RES 

(RES' 

(RES 

(RES' 

(RES' 

(RES' 

(RES' 

(RES' 

(RES' 

(RES' 

(RES' 


0R(Q2). 

0R(O4). 

0R(06). 

0R(08). 

OR(IO). 

0R(12). 

OR(14). 

OR(16). 

ORUB). 

0R(2O). 

0R(22). 


1), DPTIONU)), 
(REST0R(26). 
(REST0R(28). 
(RESTDROO), 
(REST0R(32). 


(RESTOROS). INDSPO) 


NUMPATH). 

RALT), 

FVEL). 

TX). 

NSEGM). 

0ST2), 

ISUBCK). 

ICRCT2). 

ISUBN). 

SEP), 

XLB), 


VECT). 
0VER62). 
SPDOP ) . 
EHOP) 


(VC TRYING TO FIND SLOT TO MERGE INTO CALLED THIS fl/Cl 
IC»««i« LET LAST A/C IN ETR A^RY BE CRLLEO OTHER R/C J 


IRI IPG-B 


pEST - 1 

IlHHICH = N£TA(ISUBN){ 


< 


"Tsq i 

7 

m 


CALL UPKSPLdTHO.ITHO.lETAlI 

I^N . IWHICH ) . IPETfll .OTHETR ) 


;> 


ICvHii IS THE LATEST P^SIBLE ETA FOR THIS R/C GE ETR OF OTHER R/C ATl 
|C«M«« CHECK POINT 



^ |fl9 iPG-B 








PAGE S 


PfM^ 7 



I Pg-3 -J ^ , 


fr.».. IS THERE AN fl/C BEHINO OTHef) H/CI 



383 


















CHKPT(40). 

DELT. 

OROUTEUO). 



HPflTHE , 
QPTNIS5), 
PCHKPT(4.63. 


P^FR(3.7) 

PETfll(4.4) 


&■■■ fl/C DESIRES TO flCCELERflTEl 


CRLL 

CALL UPKUN J ( I CLASS . I E l GHT . IPERFR6 . 1 . . flCCEL 1 


lMMON/MflJOR2/ 

NRLTSKD. 

NN0V(S). 

N^DH. 

PPrtXO). 

RTD. 

RHYZ(2], 


XDlLS(2J. 

XRPQS(2J. 

YRPOS(2J. 

1ETC00R[361. 


ITRRFin02). 

NF» 

NCP, 

NNPRTHtSO). 

0UT(261. 

PPflYOJ. 

mv.- 

RflOO). 

IP£TC(4.21. 


IS^S}ft/2i ) . 

ITRflF2n02). 

NOEPR. 

^T(20). 

RCP(2J. 

RWYY(4.2), 

Sf^TD(9.2). 

TRTX(S). 

XC(2). 

XFlNflL(2). 


fl/C DESIRES TO DECELERATE I 


CRLL • 

>.CflLL UPKUNHICLflSS.IE16H7.IPERFR7.~l..flCCFL 1 





L«» SPEED CHBNKE HILL NOr BE COHPLETF BEFORE CNH tIF nlSTHICF rnTRSyT 

,nn = 

I vl =, SORTI VI.VN2 ..RCCa-D ) 
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PRGE 3 











PAGE 5 


PAGE 7 





Ire IpG.7 I 


0)) 

l3B( 

p 

II 

5 





HTTiiliiW 

§oqaQ_5 





ICDNUNUEI 




T0I30100. 30200. 30300. 30400. 30S00. 30600. 30700. 30000. 
30300. 31000) HTYPE 


IR101pg.b_ 



PG.0 

All 

PG.3 

R12 

PB.9 

A13 

PG.n 

fll4 

PG.ll 

fllS 

PG-12 


PG.13 

R17 

PG.14 

9 ^ 

PG.15 

R19 

PG.15 


"Ibi ao I 


CONT INUE I 


« « DEPARTURE CLERRENCE MESSAGE 


< 


< 

< 


IIOSPMB = IDSPflS«lDm 


r 

• CALL CRTCODE18.IBI 

t 

FI201.40..YS+12.) 



IS 

CALL ENCODE I II OSP 

Ll 

f16.5.216..YS*12.3 


7 

cd 

Ll. 


;> 
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PRG£ 9 


PRGE 1 1 


IrhIpg.8 1 


I Rig I PG. a ~1 


388 


< 


CALL CRTCQDE[lQ.IBF(3n. 40 


< 


■■YS« g.l ^ 


CRLL CRTCOOEl g. IBFIBI ) ,g7g- .YS-> 2 


< 


Cfttl 


2> 


CRLL CRTCODEl g. 1BF141 1 .320. ,YS< g 


I> 


/ mr \ 

\ CRIL CRTCnnEI g.lBn831.360..YS-. g.l X 

^ |B20|PB.1S| 


~fc 


10 ^ 


ICONTimJEl 


ARRIVAL CLERRENCE MESSAGE 

a a a 

§0300 it , , 


ICONIINUEl 


■ ■ a ■ a 


a a a STANDARD HOLD 

a a a 


.CRLL CRTCDaEll.lBFHS1.4Q..YS^ia.l X 

\ 

vCflLL CRTCQDE(2.IBF(34}.64..YSfl2.1 X 



I CALL CRTC00E(3.IBn3n.l69..YS7m 


F^^nospfis.EoT^ 




I CRLL CRrcOOEIg.lB 

^i34),n6.,YsJTan 

3 

c 


r CALL CRTC00E(3.IBF[381.n6..YStV2.) 1 


iDSpne .eo^ 


5 


I CRLL CRTCOOe(2.I0FI36l.n6..YSfl2.) I 

' p 


CE 

I.. 



PAGE 10 


IA13IPG. B I 

Ib''<IpB.8 I 


IbisIpg.b 1 



3(H0a 


ICONTINUEI 




a a a VECTOR MESSAGE 

a a a 

^ 

7 

/ m 

t \ 

\CRLL CRTCODEIP.fR 

F(66J.40..YS+12.I / 

.5 




.CRLL CRTC0DCIl.lBFI33l.lgB..YS-.lgT^ 

/ chIl \ 

\CRLL CNCODCll IRBSI 1DSPM6I.3.16D..YS-.1P.1 X 

fflti:' " 

XCRLL CRTCOOE16, IBRSZ)., YS.g.jy 

F^.^'^HTYPE .£0. 


<: H) 

( T 
Isa 

?nn) &• iBgOlPG.lSl 


11 


^CRLL ENCDDEinOSP, 

18.S.232..YStl2.) / 


y 

£1 

LL. . \ 


/ mr \ 

XCRLL CRTC0DE[l.IBF(5Q).304-.YS-^lg.) 



7 

/ Jg 

^CRLL ENCODE I (I DSP 

fn.3.328..YS+12.) / 


7 

' 10 



.CALL CRTC0DEn.IBn5n.36Q..YS->12. 


XWX 
f TO \ 
[ 38000 / 


|B~20|PG.r5l 


~Iq mq ! 


ICONTINUEI 


II! EMERGENCY HOLD MESSAGE a a a 

a a a a a 


7 

IB 

\ 


< 



7 

" 11 



CRLL CRTC0DE(g.[BFt43).BQ..YS->12. 
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PAGE IS 


sJALL CRTCQDE(6.IBR60).12D..YStl2.1 


« ■ SPEED CONTROL MESSAGE 

• ■ ■ ■ ■ 


CRTCODEl 6 ■ IBF ( 52 ) .40 . . YS^2 . 1 


.CALL CRTC00E(2.[BFI2S}.4Q..YS-»12.) . 


.CALL ENCODE I UDSPHS. 3. 72.. Y5->12.) 












TO 

50S00 


liniMiiiaHii 




c 


XPTRG = Xt+XBOX 
XMTRG = XI-XBQX 
YPTRG = YNYBQX 


> 


|B6 |PG>13| 


390 


DO 50300 JsI.NSCRN: 
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PAGE I 
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■I'M-l'iUTOllll 








PRG£ 3 


PflGE II 



PAGE 12 


Ifl4 |PG-2 


|b12|pe-2 .T" 


~lbi 


"fe 


:ONTlNUEi 












-ao-- 


JRCtn = lQO.«NflCnJ/M ♦ Q.B 
»R NT 5070, (NRTU). 1=1. JM) 
>RINT 5080. (NRCm. 1=1. IN) 


IRERD 5000. KH. KCFTktH. KRRGl 



:ONTINUEi 
iTOP 


^ IPG»2 
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PflGE 1 


PflGE 3 


ommon/blKi/ 

ITRKNQ(SD) 


RNfll YSf INP 

'Ur. OUTPUT. TBPFS)I 
7 ^ 

r> ■ ■ MAIN. 

nnPE. s-rtRkl 

^ 

7 


!■ ■ ■ ffllN. RTRPEI 


r\i/ 

igUNTP, ITTP. 

NQ|^ XRWY(2i, YRHY(21 


./BLK3/ 

ITRKBH50). NK. 


Ldgicrl ETRPEI 
111" ■ MAIN. ST4RR. RTf^ 

- r 

» NTRKBl 

r 

« HHIN, OUTPTlt 


OnnON/BLK4/ 

- pelt , 1KNT(21 


B_« ■ HHIN. RTflPE. QUTPTl . QRnFRl 


J<S7 

JT(5D0.4.2) 


< ro 3 I=1.500> 

fiivENTm = 0| 

- 4^ 

< DO 4 K=1.2> 

i ; 

IlKNriKl =51 

' < 00 4 J=I7I> 

, 

I=l,500> 

i , 

EVENTtKJ.KTT^ 


« ■ STHRR. HfllN. QUfFf^ 




NCPMl. 


4 ^ 


< DO B 

J=1 .BO) 


IrelrTT 

1 

J) = 0. 

' , 

< DO 5 

K=1.2> 

1 




_« ■ RTflPE. HRIN. FILT4~^ 


OMMON/BUKS/ 

Dfl7ft(50.81 


^C( - 0. 

^TOT r 0 
IIT = 0 
liTTP = 1 


I ■ READ RUNWRY TOUCHDOWN CQDRnTKjflTE^ 


^ERD 5000. [XRWYin. YRRYth. tsl.TD 



OMMON/BLKI 6/ 
VCISO. 50. 2 ) 


OMMON/BLK10/ 
I RUN. 


0MM0N/BLK13/ 

IPflRM 
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*G .6 . 6 _ 


~%o 


INEVENT ( 1 ■ 


K 1 = ITI 


NUEl 


bibIpk. 10 ~ 


I. « « PROCESS DBTB FOR ReIrTIVE VELQCnitS 
l» ■ » MOVE VCS ERRM UST SCBN FROM FIRST TO SECONDl 



ST . RFLBTIVE VELOCITY IKnBT^ 

^ 4 

ivcii.j.i) - (nx»gxnT -t'oY«oYnT <■ oz»q^ot)/rij| 


280 f" 


(IT -LT. IST^ 


iB20|PK.lQ .10 


IBI Ipg-10 



; <: ART) 

/"GON 

( Ifi 1 ^ IBT |PG-5 1 

^ 


1 


l< • > STORE RELATIVE RRNGE HI 

vn INCRENENT TOTAL H/C UUUNII 



? 

IRELBI 1 .. 

1) = RIJl 

3C^ 5 



< 00 260 

1=1. 50> 

_ ^ 

< DO 260 

J=1 .60> 


7 


lvcrnj.21 = VCI 1:37771 

_ r ' 

I. « . COMPOTE VCS FOR THIS SCAN I 



< 00 300 U1.NCRHFT> 

4 ^ 

< 00 300 ^l.NCRBFT> 

S . . RMTIVE P^ITIDN COriPONENrsI 


|B 20 |PS-n~ 

lB20|PG-ir 


|B2 tPG.B 



DX = DATA! I. n - DR, 
DY = DBTAn.2) - DR 
n? = nflTRn.3i - or 

rAU.lJ 

rAU.21 

FAIJ.SJ 



t 



■ RFLBTIVE VE 

LOCITY COMPONENTS! 


3 


DXDT = OATAll . 
DYDT = OATfl( . 
n7m = DATA( I . 

4) - 0RTA(J.4) 

5) * ORTA(J.S) 
61 - nflTRlJ.6) 




IRI.I a SCIRT(OX»«. t 0Y««2 * 0Z««21I 



^ lBlBlPG.il 


/ir\_ 

N la. lar 1 1 1 




/ TO \ 

1 10 y 
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PRGE 13 


PAGE 15 


( SUBROUTINE RTHPEUTAPE) ~) 


N ■ ■ MAIN. RTAPE. ST4R^ 


1 


POMMON/BLKI/ 
r ITRKNOtSD) 




}■ » ■ HAfN. RWEl 





BOTTOM OF PRECEDING PAGE 




60 I 
iCQNTINUEl 

I GO TO IlDO. 200, 30D. 4DoT 50Q> 600, 70b.~8DOl tOUT 1 


m 


I3E 

EMM 

EID 

uaiM 

I3B 

IJMM 

ITO 


ElCl 


EIH 


ena 

^3UJB 


PAGE 16 



398 


T 




































INT SOIO.BDPI ICRTMl ) ,BDP( ICRT ) . ( IHISTPt ICflT . I ) ,PCT( I ) .CUMEf I ) . 
1 . 6 ) 


itMFNSlDN IflPD(5).PCT(5).CUhEI5). 1YIYI(5}I 


DO 60 1=1. 6> 


IIYIYI(I)=I~lfNKh4l 


DO 350 1=1 .5> 


IflDO[n=IflDOin+IHISTP(NCflTP.I)«IQ 

X=IHISTP(NCflTP.n 

PC7n)=X/T0TC«100. 

x^iROom 

:Ut1Em=X/T0TC«10Q. 


IPR I NT 5000 . ( KHEflD ( 1 . 1 ) . I = 1 . 4 ) . I RUN 
TOTC=NCTOT 

8=Qj 


PRINT 50l6.BDP(NCPm 1 .( IHISTPCNCflTP. I ) ,PCT( I ) .CUflEl I) . 1=1 .5)1 
NiNT 5020.(KC0UNT{I).I=1.5) 


F^..^(IPflRN.GT.2)^ 


TOP OF NEXT PAGE 


I 
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PAGE 38 


PAGE 40 


r^BROUTINE OUTPTl 



I* ■ « OUTPTl . 

. HISTGRM. PRINTHI 



T 

POMMQN/BLKB/ 
I NBIN. 

XBEG. 

XINC 





• NHIN. 

RTflPE. QUTPni 




Lu^nu^i/aLK5/ — 

r NEVENT(S00.4.21 



^ 


!■ ■ ■ HRIN. OUTPTl! 



1 

CQMMQN/BLK4/ 
I OELT. 

IKNT[2I 




4 


l» • « MAIN. 

DUTST4. OUTPTl! 



4 

POMMON/BLKIB/ 
I IRUN. 

ISTflfiT. 

ISTOP 1 

_____ i 

DmENSION 
; HDG{8.4). 

DQ{ 500 ) . 
IDK500). 

TITLEtB.lS). 
TBDfSDO) . 
102(500) . 

TBEQ(SOO). TBAE(500). 
TflIRtSOO). tOTT(500). 
103(500). IHISmOl) 

I 

■ Y KERO CLHSSinCHTION HEADINGS (DEPARTURES. HRRIVRLS. ETC-ll 


T 

iREflD SOpO. HDGI 


■ ■ RFOn HISTOGRAM TITI FRI 


7 

IrEAD 5000. TI 
IREAD 5010. Ifli 

TIE 1 

ON. IDRY, IYRI 


• NBIN 15 THE NUN&ER OF CELLS DR BINS FOR H1ST0GRHMSI 
l« « « J IS fl HISrOGRBH TITLE COUNTER | 


|NBIN^= lOOj 



7 

!■ ■ ■ K=1 FDR DEPART 

JftES. 

S FOR RRRIVRLSi 


PAGE 33 


< 00 1000 K;1.S> 

4’ 


IflU IPG .is' 


IKNT CDNTfilNS THE tOIFIl. NUnBER OE OEPflfttUliES RnH"RRR1</BLs1 

t45 


iNflC : 


IPRINI 5020. mow 


KNtlKII 


IDRY. lYK. IKUNI 


PRINT E030, IHDGd.Kl. 1 = 1, 6)1 


lPiriNT'50401 

4* 

n AfC 12 ARE COUNTERS ^ NUMBER OF R/C IN HISTOGRAMSl 


1 s 0 

2 = 0 
3 = 0 


< DO 50 I=1.600> 

X 


rfBEOI 1) = 0. 
PREf I) = 0. 
1Q(I) = 0. 

,.BD{I) = 0. 
TRIRI 1) = 0. 

I) = 0. 

) = 0 
) = 0 
) = 0 


iTOTTi 

I1D3I 


50 , 


IcontInuei 

^ x 

OFTERNINE WHICH fl/C RRE~ TO BE INCLUDED IN HlSTOGRRNS l 


< DO 300 

1 = 1 .NflC> 

T 

1 

frirr 

^cToi 



Wl = NEVENT( I.l .K)t 



!■ ■ ■ RCTUAL 

! ENTRY SCRNI 

J 

L 


IRS |PG-42~ 


SCHEDULED ENTRY SCAN) 
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PftfiE 4H 
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